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Introduction. 

Origin of thO CominittOO. —Tin* proaout Gommittoo was constituted by 

tiio (iovei niiiciit of with the obioct— 

{n) of advising Govouinnuit upon the stops nooossary tocusuie system¬ 
atic observations of changes in the Nadia livers , 

{h) ol suggesting what action was requiied to improve their condition 
as navigable channels and as feodois for the lowei llooghly 

'I’he Nadia nvoia refei red to are the three spill eliaiinela of tlic iivt'r 
(binges, known as the Jihagirathi, rJalangi (or Hhanab-Jalangi) and 
Malabhanga (oi Matabhanga-Cliuini), which aftei then .lunction loim the 
uppei wattuK ol the lliHiglily nvoi They aie cloaily shown on a large scale in 
map No voliinio II of this report The Tlhagirathi llowing as it docs in the 
abandoiioil channel of the Ganges itself is the oldest and most permanent of 
the I hu'e iiveis ft is the most wesleily of the (langi*s sjiill chanm*ls and 
i(‘lies loi its m.iMi supply of water on the parent rivei. though the supply is 
supplenuniti'il lo some extent by the iiveis wiiieli diain tlie hilly country on 
(he west side of its com so The lihagn athi aftei traveising the disti ict of 
Muisliidab.id is loined by the .lalangi near Nadia, iho lioadqiiaitois of the 
Nailia disti ic( The Malabhanga, the most oastci ly of the thiee channels, 
swings loiind (o the w(»s( and loins the combined Bhagiiatlu-Jalungj fuilhei 
soutli ne.n a jilace called Ghalvdaha 

Although the condition of the throe feeder rivers had formed tlio subject 
ol occasional enquiiy and comment duung tin* past century, it is iloiibtful 
wliethm its diiect and imjjoitant beaiing on tlio efficiency of the mana watei- 
way hsnbiig from the sOii to the Galeutta Port was sufficiently oi generally 
appiociated until quite locmit times It was not until 1902 that tlie need of 
.111 invi'stigatiou into the states of the rivci for the length of 87 miles fioiii 
(y.iJcutta to the conllueiico of the Bnagirathi and dalangi at. Nadia cianie 
otiieially bofoie the Port Goinmissioners In that yeai the Deputy Gonservator 
of the Pol t made two important jiroposals— 

FtTtitlyy that a survey should he made of the iipjicr roaches of the 
Iloiiglilv 

Secondly^ that the limits of the Poit of Calcutta should be extended to 
Nailiati 111 Older tliat tlio Comrnissioneis might exercise jurisdiction as Con- 
si'ivatois of the Poit up to that Imiit and prevent the commission of acts 
likely to aifect tin* waterway injuriously 

'I'ln* inipoitanct' of the proposed extension was due to the fact that thi*- 
section of the iivoi was not undei the special chaige of any dejiartmcnt or 
leeognmofl authonfy, and that the rapid extension of nulls and factories on 
tlie iivei banks in this area was lesulting in the erection of structures 
1)1 ejecting into the river, and reclamation of laiul fiom the Hooghly without 
any consideration of the general effect on the action of the rivci It was 
lecogniscd at that tiino that such constiiction of the waterway must interfeie 
wii.h the fine tidal flow—a factor which, as will ho shown, is indispensable 
for tlio conservation of tho channels m a tidal river 

2 . Proposals of the Port Commissioners in 1902.— A prelimmaiv 
enquiry disclosed the fact that with tho exception of a rough survey mad^ 


Vide comrunntq'M^ dated tlic 17tli February 1917 
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in 1875 as fai as Harrackpui anti a lo^lar survey of tlio whole river made 
between 1881—1885 by the Survey of India in conjunction with the Hooghly 
River Survey Department, no pievious records of the state of the bod of this 
portion of tho Ilooghly river existed. In the latter survey no soundings had 
been made beyond Chandernagoru, from which place to Nadia no recoids 
wore m existence. In December 1902 the Port Commissioners accepted 
tho proposals of the Deputy Conservator. In 1903 the Government of 
Hongal approved of the luoposod survey, agreeing to pay one-third of tho 
cost, but postponed a decision on the proposal to extend tho limits of the 
port to Naihati until tho eompletion of the survey on tho grounds tliat it 
required careful consideiation both from a legal and administrative point, 
of view. 

3 Th0 SUrVBy of 1909-11. —Owing to the sj^oeial surveys of the 
Hooghly river below Calcutta then in pi ogress, no immediate action was 
taken for the survey ol tho upj)ei loaches In 1906 on tho representation of 
certain firms owning nulls on tlie river banks, thoPoit Commissioners again 
urged tho extension of the port limits 'J’hc Government of Bengal, however, 
declined to take action on tho giounds that tho case for extension was based 
on too gentjral grounds and that the conservancy of tho river channel could be 
effected under the iiujvisions of the Bengal Canals Act (II of 1864) , the 
completion of the proposi‘d survey was still awaited The suivoy was finally 
commenced on a scale of 6" to the mile in 1909 and by 1911 had been 
carried as far as Banshena , owing to tho rapidly fluctuating chaiactei 
of the river bed above this jioint and tho consequent difficulty of maintaining 
permanent triangulated points, cbsential for subsequent conipaiison on tho 
river bank, it was decided for tho time not to proceed with the survey betwoi'ii 
Bansbona and Nadia 

4 Recommendations of the Committee of 1913-14. —In 1913-14 the 
(yommittee appointed lo enquire into tho existing facilities and pieseiit and 
future requiiemcnls of the I*oit. of Calcutta dealt with the question ol the 
condition of the uppoi Hooghly* , they urged that stops should bo taken— 

(a) to ascoitain tho sources and volume of hcad-wator passing tlnough 
tlie poit from tlie. feeder livers, Bhagir.itlii, Jalangi and Mata- 
bhanga, tlie direct tiibutanos fiom tho high country in the 
right bank, and the amount due to drainage and poieola¬ 
tion, etc , 

(/j) to determine what action would bo necessary to ensure tlie inain- 
tonaneo of a sufficient sujiply of head and fresh water , 

(c) to complete the survey of the rivoi as far as Nadia and to revise 
the survey evciy five years , and 

(fO to ascoi tain by observation the conditions obtaining in tbo feedei 
livers at regular poiiods, including the extent to which then 
beds vvoie rising. 

f>. Inception of the present enquiry. —(in the basis of thoso rocom- 
iiiondatKins, the Cliaiiman of the Poit Commissioneis thellon’blcMr C J 
Stevoiibon-Moore, formulated definite piopos.ils loi tbo consideration of Gov¬ 
ernment , lu‘ urged— 

(a) that the first stage of the onquiiy sliould consist of a scientific 
exaimuatioii of the liislorical and hydiogiaphical data available 
in the leportb of C^mnuittoes and expert officers legarding the 
Hooghly nvei and its head-wateis, all information to be collected 
and eollnted, 

(/j) that tht‘ sjicoiid stagi.' should be tlie appointment of a Committee 
to oxamiiii* the lepurt on tho first stage, to determine what 
conclusions could bo diawn fioiii it, and to formulate pioposals 
foi tho systematic leoord and examination of such data as 
would indicate any improvement or deterioration in tho head¬ 
waters of the Hooglily and any change in the channels of tho 
feeder nvois or other rivers likely to affect tho supply of fresh 
water 


* eeottODS 139 aud 140 of tho Cunimtttec'a Report 
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He further suggested that the first stage of the enquiry should be carii€)d 
out by Major Hirst, i a., Director of Surveys, Bengal and Assam These 
recommendations were accepted by Government A temporary subdivision 
of the Nadia Rivets Division (the Hhagirathi Observatory sub-station) with 
headquarters at Berhampur was formed for the put pose of taking observa¬ 
tions of the discharge of water in the Bhagirathi, Jalangi, Matabhanga and 
Hooghly at fixed intervals On 6th Novembei 1914*, Major Hirst commenced 
the first stage of the enquiry which was completed at the end of April 1916, 
his report being published m Juno 1916. In October 1916 the Government 
of Bengal issued a Resolution^ on Major Hirst’s report, and proceeded to the 
second stage of the enquiry by the constitution of the present Committee. 

6 Naturo of tho Roport. —The Committee’s report completes the second 
stage f>f tho enquiry. It has not been possible to keep strictly within the 
terms of leferencc Major Hirst’s ropoit covered veiy wide giound In 
dealing with the effort of a diininishod fresh water-supply upon Calcutta as 
a poi t and the possibility of increasing it Maim lliist found it necessary to 
consider the pioblems of and advance ccitain tliooiies legaiding tin* general 
system of doltaic nveis in Bengal, he divided his examination under three 
main heads— 

(a) tli(5 gemnal foniiation of the delta and its iivois ,— 

(h) tlu5 nia)«)i distill bing agents m tho iiver system of Bengal , and 

(c) tile geneial oftect upon the Hooghly of mmoi physical and local 
disturbances 


The conclusions ai rived at by Majoi Hirst were of so alarming a riatuie 
that the Coiiimitteo felt it impossible eitliei to acei'pt oi ieit»ct them witfiont 
1 fie (dosest and motit complete tociinical exaiiiination 'riieso coneluKions 
icsled on tho geologiiMl, geogiapliical and hydiaulic phenomena ol tlio delta 
'riie geological as^jcts of tfie piolilein were referred to Mr 11 H Ilay<ici),c i fc. , 
and Ml E H Pascoe of the Geological Survey Tlieir report is punted 
111 Appendix I and their conclusions have been freely refoiiod to and 
summaiised in the body of tho leport 

For reviewing in detail tlie moie general geograpliieal and hydiaulio 
aspects of the pioblem the Committee obtained, with the peimissioii of 
tlie Port Commissioneis, I be services of Mr H G Reaks, River Suiveyoi, 
who has an intimate knowledge gamed from long piactical c*xpeiienee ol the 
regime of tho Hooghly river, and has made a s])ecial study of the factors 
winch govern it Mr Re>akB’ valuable ioi>ort which is lepuxluced as 
Appendix II. contains a general desciiption of the deltaic iivoi system, and 
hi mgs together practically all the available historical and hydraulic data 
rog.ardmg the nveis with which wo are concerned His review has enabled 
the Committee to place their conclusions bofoie Govoininont in a concise foim, 
and with tho confidence that those conclusions ate based on as complete 
and accuiato information as it is possible to obtain In printing Mi Reaks' 
review tVi extenso tlie Committee also considorod tliat the information 
contained therein would be of groat value for purposes of rofeienco m tho 
event of the necessity arising in the future of undtntaking cxtoiisivo training 
or engineering wtirks in connection with the contiol or improvement of tho 
waters of the Hooghly 

The questions involved in the observation and collection of'accuiate 
hydraulic data weio refiirod to a Sub-Committee* which rcpoited on them 
under the following heads — 

1 Survey 

2 Land levels. 

' Vttle Notification No 1360T , dated tSio 2n<l November 1914 

^ Uesolution No 373*T —‘R , dat«Ml the 9tii October 1916 

* The Bub-Coinmittuo conaiatcd uC the Preaidetit (the Uun'blu Mr C J 8U vonHuii-Moore), 
Col Ryder, Mr Cowley, Mr Atldatna-Williaiiia, Commander Couatablu, Mr S C WilliaioH uul Mr Jamea 
Roy , It hold four meotinga and made two local lEiapoctiona of the mouth of the Rhagirathi river and of 
the Hooghly river between Naibati and Howralc 



4 


3 Hydraulic obfiervations — 

(а) tidal river levolb, 

(б) direction and velocity of tidal atreamR, 

(c) diBchaigcB, 

(d) pi^icolation, 

(<?) compoRition of bodh, shoalB and sediment obsoivation, 

{j ) surface blopos, 

\g) limits of spill, and 

(4) effect of Gangetic canals on spill channels 

TJio rnpoi t of the Sub-Cominittoo is reproduced in App«3ndix HI, and itb 
cowcluHions are enilxxlied in the n'poit 

'riuj thanks of the Coniinittoo aie duo to Mi F H Ascoli, its, Secietaiy 
i.o the Hoaid of llcvenuc, who has assisted them with the diait of their 
report 


General Observations. 

7. Major Hirst's theory. —Majoi Hnst anivud at the concIuMions that 
the present ol the Hoo^hly is wholly insecuie, tliat the foices con¬ 

trolling It aie so powuiful that any artificial interference would be futile, and 
that tlie iivei has deieiioiatcd to such an extent as to bo a menace to the 
Port of Oalcul.ta 11 Ma.ioi Hirst’s concluRions weio coiiect the position 
woul<l bo one of extunno ^^raviiy The volume of the head-wateis of the 
]l(M)ghIy is ace<Jld^l^? to Majoi lliist’s theoiy, priinaiily dependent on the 
jjeolo^ical pioei'Bses which govern the delta as a whole Ho Buggests tliat 
tlH5 lndo-(5angetic plain as far as Haidwar was once covered by 1 he sea and 
that tile lain! surface ol Bengal has been gradually built up bj nvei action 
At some lucent peiKid curtain subsidences have occuned of which tliu most 
important follows a line fiom Jalpaiguri to the sea along tlio line of tliu Jamuna 
riv(*r, 111 compoiisation foi these subsidences ceitain tiacts have b(*oome 
elevated, such as the tiact iioith of Dacca known as the Madhupui jungle 
Th(5si* c*arth movements lesulting in a Berios of elevations and dcpiobsioiis 
dominato the iivei .iction of the delta and aio at present in a state of activity, 
and to such action he asciibos recent impoitant river changes bucli ab the 
eliungus in the ctnirses of the Tista and Brahmaputra m the eighteontli 
century If these forces are still of such impoitance and activity as is 
.ihsuiihmI by Ma.ior Hirst, it must bo conceded that human agency could ho of 
litth‘avail in att«*mp‘jiig to iinpi ove the head-waters of tin* liver Ilooghly 
This theoiy is m>t, howovei, in accoidance with geological (jpimon 

8 Major Hirst’s theories untenable.— (a) Age of the Gangetic 

plain •— Ml Hayden and Mr Pascoe’s criticism of Major Hirst’s views 
on th(‘ geological aspect of the piobloinib reproduced in extenso in Appendix I, 
but as oui n'eommendations arc dependent largely on the fact that the 
gofilogical expel ts consult c>d aio un ible to asenbe the piesent condition of 
th«» head-water livers to lecent iectonic activity it is important that their 
conclusions should be explained hero in some detail Messis Hayden and 
PaHC(H' it'gaid the behaviour of the Gangetic rivois as in no way different 
fiom that which ehaiactenses tlio normal processes of deltaic river develop¬ 
ment , they lie not eoiihidci tliat the effects observed within the last few 
liuiulrod wars can rtasonahly bo attiibutcd to those slow crustal procepBes 
wliicli act through geol<jgical periods , tlicse processes, they assert, may bo 
disrogaided in any }>iesent enquuy in connection with the livers of Bengal 
It IS tiue that eeitaiu seismic phoiioniona may affect local river development, 
but the effects in the area involved in this enquuy are likely to be local and 
superficial lathoi than deep-seated and to have chietly compaiativoly 
utuin])ortant results, such as, tlie formation of fissurob and the collapse of 
river hanks It is not likely that the effects of regional movements could bo 
detected in such a short period as three or four bundled years. It is pointed 
out that Major Hirst has not brought forward evidence in suppoxi. of bis 
assumption id the former submergence of Bengal beneath the sea, and 
Messrs Hayden and Pascoo prefer to adhere to the generally accepted view 
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that the Gangetic plain haH lam above sea-level at loaat since an oaily date in 
the Tertiary epoch, and that there has boon slow but gindual subsidence 
permitting ot the accumulation of an enormous thickness ol alluvial deposits , 
but they considoi that regional movement oL tins natuic, oven li now 
operative, is not sufficiently lapid to justify its introduction as a factor in the 
present case 

9 (6) The old alluvium and subsidences. —Majoi H list advancod or 
rather reaffiimod the theory advanced by Fergusson in the case of the 
Madhupui jungle that the exposure of the older alluvium' in ceitain places 
above the level of the surface of the younger deposits of the delta is <lue to a 
recent and giadual, though irregular, movement ol elovation—tho losult of 
tectonic processes which Jiave consequentially affected tho condition of the 
deltaic rivers Messrs Hayden and Pascoe aie not prepared to acedpt 
Major Hirst’s arguments , on the other hand, there is cleat evidence that 
tho old alluvium generally has been subject to a process of very gradual 
subsidence fossils of tho Pleistocene poiiod being found at depths of 80 to 
100 feet below tho present surface The suggestion of Mr T IT O La 
Touche® that the Madhupiir jungle tract is a relic of the old delta face ol tho 
Ganges is regarded as a inoio satisfactory explantition Not can Messis 
Hayden and I’ascoe find any justification foi Major Hiisl’s assumptioni of a 
eontinuous line of suhsidonco, from Jalpaiguii to Java vttt Barisal or foi 
other special aioas of assumeil subsidence such as that neai Nadia They 
ariive at the conclusion, which we do not hesitate to adopt, that there is no 
ovuloiico to justify tho assumption that tho gradual pioccsses of elevation 
and subsidence are the doininaling factots in tho iiver dovelopmont of the 
dt'lta 

10 Change of conditions due to natural causes. —Mossis Hayden 

and Pascoc oC opinion that there is no justification loi liolieving that 

the condition of the Hoc^hly will inevitably become worse than in the 
past and that no deduction can loasonably bo based on the assumed 
effoets, in the couise ot a few bundled yoais, of the opoiation of toctonie 
foi cos, whethoi regional oi local Tho alterations in the couisos ami comh- 
tion of the deltaic riveis are capable of a simploi, more loasonable and 
equally satislactoiy oxplanation in the oi<hnaiy w<*Il-known processes of 
uvoiino and deltaic development , tho uniformity oi the changes that hav(* 
occiuiod mdicale clcaily that tho causes must have been not mat and not 
eonnectiMl with tectonic phenomena Tho view that the develoinnent of the 
deltaie i ivers has followed normal linos is not eonfinod to geologists 
Mr Addams-Williaius, who has studied very closoly and compichenwivoly tho 
history of the delt.iic rivers and has an expert and technical knowledge' 
as an engmcoi ol the special hydraulic problems which aiiaes has endorsed 
this viowin a note which is punted as Appendix IV oi tins icpoit We cannot, 
rhcroforc, accept Majoi Hirst’s conclusion that tlio loices contioiling tho 
action of tJie deltaic revors are so powerful as not to be amenable to intcrfoi- 
onco by human agency , neither can we accept his statement tliat the charac¬ 
teristics of tho Nadia uveis diftei from those ol any other deltaic riveis , 
there are many otner rivers in th.s and other deltas which arc of the 
same typo 

11 Alleged deterioration of the feeder rivers of the Hooghly. —Major 
Hirst further contended that there has been a giave detoijoration in the condi¬ 
tion of the feeder rivers of the iiver Hooghly. In Mi Reaks’ icpoit will be 
found a detailed account of the riveis constituting tho head-vvatots of tlie 
Hooghly showing their past history and piesent condition It must be 
admitted that the paucity of material data and records rorideis tho task of 
determining whether there has boon any piogressivo deterioration in tho Nadia 
rivers one ot extieme difficulty Tlic liistoiy given by Mr Ueaks shows that 
tho riveis pass through successive phases of deterioration am! improvement, 
which tend to obscure the general tendency and are apt to bo misleading 
The condition of a spill river appears to depend almost entirely on tho 
position of its offtake relative to the main stream of the parent nvei , whtm 


* The patchoB of old alluvion as identified by Major Hirst aro shown la colour lu map N't) 1 

* Geological Magazine,** New Series, Decade V, Vol VII (1910) 
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the latter ia cloac to the offtake the bare are reduced in height and vice versd. 
Now there is the evidence of the traveller Tavernier that in 1666 the mouth 
of the Hhagiiathi was dry; in Renneirs time 100 years latei the mouth 
in the dty season was closed or contained less than 2 feet water , m 1796 it 
was reported as an exceptional fact that the Hhagirathi was open to tra&c 
throughout the year y in Match 1824 the mouth was again closed. Conditions 
during the past century have been similai. Between 1825 and 1834 the mouth 
of the Jalangi was kept open foi small boat ttaflic thioughout the year on five 
occasions, but tliereaitei till 1847 it was closed in the dry season Undei 
abnoimal conditions the Matabhanga lemained open in 1795 and again from 
1809—1818 and in 1821—22 , othei wise it was not navigable in the diy season 
till 1847. For the past 20 years none of these three iivers has remained opien 
for traffic througliout the year on a single occasion, and the number and size 
of the shoals appear to be somewhat greater than in 1830. Conditions 
appear to have deteriorated to some extent piobably duo in some measure to 
the relative lowering of the low-watoi level of the Ganges on account of the 
abstiaction of water by the Ganges canals Detorioiation. piobably of 
a tempoiary natuio, has also taken place owing to the main channel ol the 
Ganges having shifted fiom the light to the leit bank opposite the offtake of 
the Hhagiiathi. The piocess ol deteiioiation, however, if indeed any pieima- 
nent <leien<iration has taken place, appears to have been very gradual, 
and the fact that oven with the evidence available it is difficult to aiiivo at a 
definite conclusion pioves that the conditions cannot now he very materially 
worse than in the past The bcd-lcvols of all the iivers constituting the 
hoail-wateis of the rivci Ilooghly appear to have lisen veiy graduallv m the 
past lialf contuiy, though the rise seems to have boon paitially compensated 
for by a use in the Ganges bed-level above Baia It will, therefore, be seen 
that tlie rivers pass thiough successive stages of deterioration and improve¬ 
ment, and tliat theie is no definite prool that fliey have perinanentlj^ 
deteiioratod to any laigi* extent 

12 Importance of maintaining the head-waters. —Now it IS inipoiiaut 
to leahse that the state of tho lowoi roaches of the rivei Hooghly is laigely 
conditloiu'd by tho action of tlio tide wave, and lhat any lostrietion ol the ebb 
and How ol tlu^ tide must losult in the doteiloiatiun of the navigable <‘liannels 
of the nv(*i , tlie action of tho tide is fuithei Rupplemi*ntc<l by tlial of t.lie 
frt‘shets Ml Uoaks in his lopoit examines in detail tho history ol the 
Hooghly fioin Nadia to Calcutta and from Calcutta to tho sea in ordei to 
prove tlie gieal impoitanco of the freshets and of tidal action, and then 
mutual lebitions He sliows that the exclusion ol the Ganges Ireshets and 
reliance mainly on tidal action would gradually nHluco the Hooghly to the 
same condition as such rivois as the Dainodar and Uupnarayan , he 
fuithiM sliows that any leduction of tlie tidal leseivoii would leact on the 
range of tide in the uppoi loaches Thus it is vitally iinpoitant to extend 
tidal action ns fai up the iivei as possible so as to maintain tho tidal 
leservoii and secuie the icsulting benefits of inci eased scour m the channels 
below. It IS obvious that if the bods of tlie bead-watoi rivers continue 
to rise moio than those of tho Ganges and the lowei Hooghly, the result 
will bo tho obstiuction of the Ireshets anti the restnction of tho action of 
tho tide wave Anyfuithei detcnoiation of the head-waters would accord¬ 
ingly be a inattei of extreme giavify, and it is iinpoialive that steps shonld 
bo takiui to eiisuie a flow of water tbiougli tho uppei teaches sufficient to 
keep op-^n tho channels, but not such as to result in excessive dejiosits of 
silts of a hoa\ lei quality in tho lower Hooghly The difficulties aie cleaily 
shown in Mr. Hoaks' lepoit, they may bo suinmaiisod as follows —The 
canalisation of tlie thiee feeder iivers is almost impossible. To tiain ihc 
rivers by the handal and spin system would not ensuio a flow thiough 
the offtakes in the diy season The only alternative is dredging To dredge 
the whole of the channels of tho head-waters would involve prohibitive 
expendituie, but it would pioliabjy suffice if powerful diedgors were employeil 
at the offtakes to ensure a flow of water thioughout the dry season which 
With tho aid of handals would keep open tho lower channels. Toensuie 
the success of such dredging operations it would be essential toimpiove 
the situation of the offtake of the Bbagirathi 
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13 Danger of excessive interference. —To improvo the condition of 
tlio lioad-wateiB beyond this critical stage would not be advisable, and to 
improve them to the extent required for navigation by largo boats throughout 
the year would be iiiiancially an impossible task. Quito apart from the 
increased deposits oE silt which would ne(*e88arily occur in the lower Hoogbly 
far more sei'ious consequences might ensue It is cleai that excessive inter¬ 
ference with the bars at the offtakes of the spill rivers would result m the 
extraction of a large volume oE water from tho main stream of the Ganges 
and consequent shoaling below the ofitakos in tho dry season To 'make tho 
Bhagirathi intake, for example, navigable for large boats and steamers 
thioughout the year would necessitate a depth of about 1) feet of water in the 
entrance ajt the lowest stage of the river , to maintain such a depth by 
dredging, a channel 300 feet wide at least, and possibly as much as 500 foe^, 
would bo necessary to allow for the friability of the banks. Accepting the 
lesser widtli and allowing a longitudinal slope of 6'' pei mile (a slope which 
statement K oF Appendix II shows to bo possible) tho dischaigo thiough 
this chniiiiel would bo approximately 8,000 cusecs, or oiie-fifth of the low 
water discbaigo of cho Ganges. The extraction of such a volume of water 
must iiecoHsarily i csult in shoaling and possibly in preventing navigation 
between tho offtake and Goalundo in the dry season. Indeed, it is not im- 
])ossible ibat taking advantage of the depth of tho offtakes at the beginning of 
the Hood Hi^asoii the Ganges might lovott to its old eouisc , such a result, though 
the change wtmld j)robably be neither ceitain nor sudden, would be 
calamitous But wliatevoi might be tho ultimate result it must be borne in 
mind that the maintenance of a depth of 9 feet water would necessitate fho 
dtodgmg of the' head bar down to a level appioxiinately 19 feet below the 
pioserit bed, and that tins would undoubtedly result in tbe inilux of a fai 
largei propoition of sand of gioater coaisenoss than at piesent, and tliat such 
an inllux must voi y seriously affect the tidal area of tho Hooghly 

14 Obstruction due to reclamation. — Wo have emphasised the vital 
importance of maintaining tho conditions which secuio the free and unobstruct¬ 
ed flow ef the tidal wave, but on the river banks nortli of Calcutta action 
has been permuted which tends to interfere seriously with this object We 
refci to the reclamaiions that have been made in connection with the erection 
of mills and factories between the Juhiloo Bridge at Naihafci, itself a doubtful 
factor in the logimon of the river, and CoRsipur Such reclamations have 
been entirely uncontiolled Facing the Anglo-Indian Jute Mill, reclama¬ 
tion to tho extent of 250 foot has been made since 1885 at a point 
whore tho rivoi is only 1.400 feet broad , a spur and jetty at tho Bengal 
Laxmi Cotton Mill has lesulted in. extensive accretions below that point, 
which have caused considerable doteiioration in the river channel These 
aio merely examples It must bo recognised that tho election of mills 
an<l factories on tiie banks of the Hooghly is a nocessaiy concomitant to the 
development of the Port of Calcutta, and it might further he urged that tho 
reclamations and erection of masonry walls assist in stabilising the river and 
deepening the channel SSucIi might be the effect in a iion-tidal river, where 
an obstruction even if harmful would be local In a tidal river, however, tho 
result may be widely different , the inteiference with the flow of the flood-tide 
rediioes the force of tho tide wave above tho obstruction , the downward swing 
of tho obb tide IB diminished and the area of the tidal reservoir is eventually 
reduced. These factors are of tho utmost importance in the river Hooghly, 
which foi eight months of tho year depends upon the tide alone for keeping 
open its lower channels The necessity of controlling this area is according¬ 
ly apparent It is equally cleai that tho control sliould V)o vested in the 
hands of an agency which is in a position to examine Iho paiticularly diflicult 
hydiaulio problems involved. 

Raoommendatlons. 

15. In view of the conditions summarised in this report wo have formu¬ 
lated recommendations under throe different main heads — 

A.—The preparation and co-ordinafion of iocoi*d8 for tho investigation of 
the progress of deterioration in the river Hooghly and its feeders. 
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B. —Practical measures for the conservation and unprovemoni of the 
feeders of the river Hooghly. 

C. —Administiative control of the connected river system. 


A.—ppApAPAtlen ppeMPvatlon of Rooopdo. 

16. The importance of the Ganges freshets as an agency for maintaining 
he cliannols of the river Hooghly has been clearly shown in the report ; to 
ensure the nocossaty spill through the Nadia livers, on which the Hooghly 
is dependent for its existence as a deep-draft navigable river, it is essential 
that the physical ooiiditioris of the Nadia river system and the upper 
Hooghly should bo accuiately asc(*rtainod and ropoited It is true that Mr. 
licaks’ valuable leport contains a mass of data, but these are not the result 
of the systematic and continuous observation which is essential for an accurate 
examination of the iiroblems involved 

17. Go-ordinatlon of rocords. —We accordingly recommend firstly that 
all existing lecoids, gauge level hooks, etc., should be carefully preserved, 
and that all data eollocted from time to time should ho recorded in an easily 
accessible and intelligible form Thus the curves showing the annual 
observations, as recommended below, of gauge levels, dischages and mean silt 
contents should be plotted on the same sheet on a fairly large scale for each 
station, in order that any definite ielation between them may be perceived 
Similarly the same seri(3H of curves should be plotted on a smaller scale fiom 
year to year to show continuous changOH in levels, disehaige and silt contents 

Wo further recommend that the results of the proposed continuous surveys 
and observations and of the praetiCial me.isureb for tlic improvement of the 
feeder rivers should 1x3 recorded in a quinquennial review to bo presented to 
Government by the Port Goinmissionois , this will ensuie an examination at 
fixed intervals of the value of the measuios now adopted and of the stale of 
the feeder rivers. 

18 8lirV63fS —(a) LBr86 seals. —The most important record on which all 
other ohsorvatioiiH should be based must ho an accurate survey TJie latest 
genoial maps of the area are now more than 60 years old, and during this period 
considerable changes haA'e occurred and the maps aie accoidingly obsolete. 
Recently, however, a suivey of the nver Ganges fiom Ra 3 niaba} to Fandpur 
has been made on a 16-inoh scale in connection with the Fandpur and 
Rajshahi District Settlement Opoiations and Diaia Suiveys The cadastial 
surveys of Nadia and Muishidabad districts, which commenced in 1918, will 
by the year 1923 supply accurate maps on a 16-inch scale of the upper 
Hooghly, noith of the Jubilee Bridge, the Bhagirathi. the Jalangi, the 
Matabhanga and the Ohurni rivers. Steps should bo taken to obtain copies 
of those maps at the earliest possible date, foi, though some delay is involved, 
they will form the most accurate basis for the detailed surveys required of the 
river beds. It is further important that steps should ho taken to ensure 
the ]xirmanont demarcation of the tiaveise marks of these surveys in sufficient 
numbers to bo of use for th« levision of the maps and for the necessary 
large scale detailed river bod surveys 

(/>) Small scale. —I n (he course of their topographical piogramme the 
Survey of India have completed a survey on a scale ot 1^=1 mile of that 
pari of the Nadia district south of latitude 24^ north covering the Upper 
Hooghly, and Bhagirathi as far north ns Bhapta and the Jalangi as far noi^th as 
Muktiapur , the maps are not yet complete and the area covered is not 
sufficiently c^xtensive to ionti a good general map of the area. It will be 
noccBsary to await the reduction of i6-inch maps to the scale of 1''=! mile 
to obtain a satisfactory general map. 

(c) Malataaanca af maps. —As changes in the river aieas are rapid and 
extensive, in order to avoid the maps losing their value a small special staff 
should be employed for the reMsion of the maps of the Nadia rivers. The 
changes could quickly be shown on the small eoalo general maps, and where 
extensive chanm^s were thus indicated, special large scale surveys would bo 
made to keep the large scale maps up to date. Such a system would be more 
economical than constant surveys which would otberwnse be necessary. 
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{d) 9paclal river bed surveys. —The 16-inch mapt- would form the 
basis of river bed surveys which should be made on a uniform system, 
indicating— 

Cross sections af< distances of 300 feet, showing contours of shoals 
then size and shape. 

LOndItudinal sections plotted from the same datum. 

As changes of considerable extent but often only temporal y in character 
occur in river beds during tho Hood season, it in impoitant that such river 
bed surveys should be made annually under similar conditions and at the 
same season, prefeiably at the end of the cold weather when changes aie 
least active In the tidal area of the upper Hooghly ttie river bod sutyt^yB 
should be undertaken by the staHT of the Poit Cornmissionoi s who have th^ 
necessary experience foi this special form of work. These rivei bed Surveys 
will be used, firstly, for the comparison of the annual longitudinal sections ; 
and, secondly, for the calculation from tlio cross sections of the total capacity 
of selected 5-milo stretches of each rivei. Variations in capacity during 
a term of years will show whether the nvoi is shiinking oi not and will 
furnish a safoi index than an> coinpanson of individual cross sections. The 
result could be confiiined by the tendencies indicated in the low and high 
stage level curves 

(e) LUVOI Survuys/—It is of the utmost importance that scientifically 
accurate lines of levels should be taken in oidor to establish ]ireeise points 
of leferenoe f<ii levelling operatums showing tho geneial siiifaci* contours 
of the countiy. The following lofoiencc lines should be run by the Tiigono- 
metrieal Survey as soon as possible — 

(t) Ranagiiai to Lalgolaofhat vut Beiliampur, Muibhidabad and 
Jiaganj 

(iV) Jiaganj to Ajimganj, thenoe by road to Rajmahal and Tinpaha'i 
to connect with lino 74 of the piesent levels of proeision 
(itt) Berham])ui to piesent line 77 ai Oliuadanga oid Mebeipui 
{tv) Line 77 t.oGixiagaii vid Ranipui-Boalia and thence to Mantbnii 
opposite Saliibganj revising tho ctiMSing of the Ganges at 
Saragbat 

Lines of levels at(3 at present being lUti ovei a poition oL tin* aiea by tlie 
Public Woiks Depaitmont in connection witli sanitaiy <irainago piojects 
Those should l)e related to the piecise lines of h'vels descriljod above and 
should be eonipleted ovei tii(3 whole of the distiicts of Nadia and Miiisliidn- 
bad an<l extended to tho Hurd wan district as iai as the Bard wan-Mangalkote 
Road on the west and tho old lied ot the Damodai rivei (Kana Nadi) on tin; 
south Contoui maps based on the general 1 inch maps should then be prepared, 
which in (‘onjunction with tho rivei bed suiveys would fuinish invaluable 
information regarding tlie relation of river coutses to the level of the <*ount!y 
tinough which they flovv and would indicate the piobability oi possibility 
of any smious changes occurimg m the course of the rivcis. 

(y ) Maps of spill areas •—In connection with the level or contour 
survey maps should be piopaied by Government showing tho spill aieas of 
the rivers in the area undci consideration.* Sucii maps are essential fot 
the prepaiation and examination of railway, road, drainage and embankment 
projects by lailway companies, the Public Works Depaitment and Pistrict 
Boards, as they will furnish a^truo indication ot the extent to which tb^ Lee 
action *of rivers is likely to be restricted 

19 Record of discharge— (a) Method of record. —There aie two 
mam methods by wliich the volume of discharge is observed, one by Kutter*s 


* The fixing of a common datui/i for Jcvcliiiig 4)(K>ratioud ih i Meiitiiil Originally tlio Public Woiks 
Departinont adopted Kiddurpur Old llock Sill prciwiiied in 1S65 to l>u G 25 fect liciow moan tiea-lovol 
at Karachi, in 1883 ita level was faxed at 7 986 fuet below mean tu^tt-lcvol at Katne Point, faiiail> corrected 
to 7*769 feet in 1910 All river aurvoya tn tho Uooghly made by tiio i*ort OoiiiniiHaioiieni have been 
referred to the Kiddorpiir Old Dock Sill Level ua seru, and it la iloHirablo that thiti ahouhl Ik 3 letaiued aa the 
baaia of referenoo Ita value liua now been faxed with reCeietici to mean Hua>lcvel, and aucoidingly a 
comtinm correction will reduce till levela t*i mean aea'Ievol, the datum of the groat TaigunoiueCricul 
Survey of India , thia latter datum m impracticable for purpoaen of navigation on the Huoghl> aa low-tide 
levels fiill considerably lielow tho datum 

* Such apill area maps would be invaluable tbroughout Bengal 
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slope formula, the other by floats. Comparative results by the two systems 
show very wide difiFerences, the former method showing invariably the greater 
discharge, at times 100 per cent, m excess of the float method As the co¬ 
efficient of roughness (n) used for Kutter’s formula was originally derived 
from a comparison with the discharges observed by the float method, it is 
clear thateithei the observations are faulty or ii varying value of a is requir¬ 
ed for difleiont states of the rivei. 

Float mothod. —it is probable that under this method the co-effioient for 
the reduction of surface to moan velocity, viz., 8 is too low Experiments 
made by means of current meteis on the Jttawaddy iivei losulted in a mean 
co-efficient varying between *91 and *93 ; the Ngawan and l\anli]aing nvor ex¬ 
periments resulted in mean co-efficiontB of 90 and 97, lespectively 
It is important that a correct co-efficient should be deteimined The cal¬ 
culation of the discharge in the final compartment of each scriCH next to the 
nver bank similarly requires greater accuracy. 

KlittOr’S formulo. —Tins method was condemned in the Inawaddy river 
experiments on the ground that calculations of discharge by means of the 
slope foimula could not bo of any piactical value on account of the continual 
variation of the water-level. This condemnation is piobably too sweeping, 
but it must be icmombered, first, that a goneial oo-efficient oi roughness in all 
states ol the river is unsafe , secondly, that the position oi the gauges requires 
very careful constdeiaiton , the total fall between two gauges being less than 
2 inches it is essential that they should bo placed in straight stretches in 
order to avoid defective obseivations duo to want oi paiallelism , thiidly, that 
the gauges must be giaduated with gieat accuracy to small units of incnpun*, 
and, fourthly, that the gauges should bo piotectod from the effect oi the cui lent 
at water-level, whore the cxposuie of the gauge and the strength of the 
surface cuirent must vitiate the observations. Those four points d(» not at 
present receive adequate attention li would be advantageous foi oxpoi i- 
mental purposes to oiect masoniy stiuetuu'S for gauges at suilablt* sites 
similar to those employed for this puiposc in the l*un 3 ab canals. Enclosed 
chainbors construetod of bamboo mats might also bo oxiionnumtod with 

The most accuinto method of ileteimiiung dischaiges, howevei, is l)y the 
use of a ciiriont motei, such as the suceessful Kitclne-liaskoll type, by means 
of which the mean velocity in tlio whole veitical section can b(‘ obtained 
Expeiiments with such meteis should bo made at least in the endeavour to 
obtain the nocossaiy co effi<Ments required loi use in the ^adia livers with the 
float mothod and KuttciV formula 

{h) ObSOrvatiOn Stations. —Stations loi obseivmg disdiaigo slinuld be 
organised at the following plaees — 

BhaSIrathi rivor. —(l) In the Earaeca (hannol above the Bhagiialhi 
intake (2) In the Faiacca channel below the Hbagnotln intake. (3) Gena 
^4) Hanseoi iiver above its outfall into the lihngnatlii (.5) Heihampur 
(6) Jumjumkhali. (7) Habla nvoi abo%e its outlail into the Iflingirathi 
(K) Dattabati (9) Ajai iivei above its oulfsill into the Jlhngiiathi (10) 
Kat wa 


JalanSi river at Panditpui 
Matabhanga river at Hanskhali 
Upper Hoeghly river at Satgadn 
Hooghly river at Calcutta 
Dq.niogar river 
Rupnarayaa river 


I at then junction with the Hocighly 


Dischaiges in the tidal aiea aro difficult to obtain with accuracy, but the 
Poit ('omnnssioneis might atiango to have such observations taken at inter¬ 
vals. In the lu'ad-water aieas, liowevei, (ho cibsoivations must l»e cariie<l out 
in a systematic and scientific mannoi with a pioperly tiained and equipped 
staff Raihor than iisk their accuracy by lestricting expenditure on the 
proposed 12 hcad-watei stations, it would be preferable to ieduce the number 
of stations to five, viz .— 


Bhegirathi river at Gena and Katwa—the differences lietween these 
two stations would give tho total supply from all the western 
tributaries 
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Jalantfi river at Panditpur. 

Matabhaafa-Chumi river at Dewanj^anj and Hanskbah—tlio differ'- 
ence would give tlie diHcharge past^mg through the Kumar and 
iDhhainati riveiB 

The diBchargos moasuied and mteipolatod should bo computed daily and 
the total quantities o£ spill fiom the Ganges entering oacli rivei during the 
yeai should he calculated to show any consistent increase or dinnnutioii of 
the supply. Full partieidaiH should lie furnished to the Poit Commissioners 
toenableany direct connection between the height and quantit 3 ' oL the fiesiiets 
and tlie condition of the channels in the lower Hoogbly to he established 

20 Slit ObSSrvatlOn. —Very little information of a dehnite value is at 
present available witli leforenco to the impoitant question of the silt contenits 
of the rivers undei consideiation. It is essential that silt observation ^stations 
should bo established as soon as possible for the purpose— 

(a) of taking daily observations, at the surface, mid-depth and 1 
foot above the bottom on a uniform system , 

(/ij) of asoeitaming liy exact mothcKls tlie character of tlic suspended 
material and the pioportion of silt to watci by weight and 
volume and the velocity ot the current ; 

(c) of recording the observations made on a scientific sj^stem. The 
chaiactei of the iiver bod at tlie time of obseivation sliould be 
noted, and tlie composition ot the bed at vaiious places should ho 
caiefully aeeoitained, li necessary, by borings at impoitant places 
and wlieie important shoals occur 

Tl is lecommonded that the obsLMvation stations should bo loeat(*d a* 
Katvva, Swaiupganj, and Hanskhali undo) tho ehaige of t-Jie Public Woiks 
Department and at Calcutta undci tho chaige of the Port CkiinmisHionois 

21 Tid6 ObS8rV8tiOnS. —Changes in tlio rate ol tiavol ot the tidal-wavo 
and ot iiicioase oi diniinution of tho tidal lango indicate, as has been shown, 
the measuio of iinpiovonient oi deteiioiation of tho ii\ei elninuels It is 
accordingly loconiniondetl that obseivation slations should he located undoi 
tho chaigo of the l\)it Coiriinissioners in tho uppoi ujaches of the Hoogbly at 
Koniiagai, Paltn, Gaiiiipui, Dumatdalia, Jlalagarh, Kalnaand Swaiupganj and 
on th(' Kupiiaiayan, Dainodar and lialdi ri\eis, tlie Rupnaiayan being the 
most inipoi rant ol the tin oo rivers last named. Th(5 gauges sliouM ho road 
at hall-houi int<*ivals duiing tho day, anil high and low-watoi levels with 
tho time of the change of tho diiection of tlu^ How of tho curiont shoubl be 
recorded d.\y and night Tide lines of soloctod typical tides should he plotted 
for eompaiison witli smiilai tides in othei yoais Stojis should fuithoi bo 
taken to asceitain d<*finitely the limit of use and fall due to tidal action in 
the Hliagiiatlii. Jnlaiigi and Chuini riveis 

It 18 essential that tho stair employed oil the survey and observation of 
these rivers should he piopoily equipped both as i ogaids uistiiiments and 
means of locomotion 

B.—ppaotloal measures for the oonservatlOH ana improvemant of tha head- 

watap of the plver Hootfhly. 

22 It has been shown m tho report that inclications of a certain measuie 
ol detei loi ation in tho Nadia rivers do exist, and it is accordingly necessary that 
immediate steps should bo taken foi the conservation of the present fresh 
watei-supply and for c-ffecting such improvements which und^i jiresont con¬ 
ditions appeal likely to be not only beneficial bul necessaiy for the future 
interests of the Port of Calcutta , at tho same time it is necbssary to avoid 
measures winch would lesult in a heavier quality of silt homg cairied into 
the H<X)ghly and which might conceivably induce the main'channel of the 
Ganges to follow this route. The stabilisation of the offtakes and the provi¬ 
sion of sluices at tho entrances to the spill iivors liavo been shewn to he not 
only financially impracticable but also very doubtful in execution. We have 
accordingly to make the following recommendations :— 

23 DredflllC.—A powerful dredging plant should be obtained to keep 
open one of the entrances, preferably that of the Bhagirathi, and the question 
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of providing' a better intake channel than at present should be ooni^ered. 
The work of dredg'ing should po done under pioper supervision and on an 
i^^roved general ptinciple. * 

24, Bftndslllll^—The lower portions of the rivers should be trained as 
at present by bandailmg' accotdin^ to the methods which have been evolved 
by years of experience, and which, it properly executed, are apparently 
capable of bringing' about the desired results. 

25. Enib&BkiMIltS* —The erection of embankments without regard to 
the natural spill areas ol rivers such as was permitted along the Bhagirathi 
river in the past may l>e fiaught with veiy seiious consequences. It is 
necessary therefore that foi the future measures should be adopted which 
will ensure that the control exercised by Government shall be not only 
effective but directed towaids a due proiection ot all the interests involved. 
The embankments which may cause obstruction to drainage can be classified 
as follows *— 

(«) Embankments controlled by llie Irrigation Depaitmeut 
{b) Private Zamindari embankments 

f c) Hoads maintained by the Distiiet Boards 
d) Hailway Embankments. 

In the case of embankments controlled by the Irrigation Department no 
action seems to lie required as that depaitnient can be trusted to give due 
consideration to the pioblenis involved As regards private znmmdari 
enibankments, the area should be notified under section 76 [b) ot the 
Embankment Act to pievent the constiuctiun or alteiation of any embank¬ 
ments without the sanction of the liiigatioii Depaiiinent 

The constiuetion of now District Hoard roids now requires the sanction 
of the Superintoiidmg Engineer of the Oiiolc in his capacity as Inspector 
of Local works, but sucli projects, if of any importance, shouhl be referred foi 
tlie approval of the Irrigation Department 

The chief danger, however, lies in the embankments of newly piojected 
railway lines An important example of such a pioject is the cross connec¬ 
tion which IS proposed between the East Indian Hallway, the Murshidabad 
branch of the Eastern Ben<^al Railway and the mam Eastern Bengal Railway 
line at Hlinirama:a The proposed line will cross the whole drainage area of 
the Nadia feeder rivers at right angles to the gonoial line ol drainage. The 
crossings ovei the Bhagiiathi, Hhairab and Matabhanga livers have been 
selected at points where the banks are fairly stable, allowance has been made for 
the assuined maximum discharges of these nveis and water-ways have beeu 
provitied for the maximum quantities of spill The Chief Engineer by whom 
a Hallway Company’s proposals in these roB| eels must be ex'iinmed and 
approved under the existing pioeeduro can l>e relied on to see that the 
proposals, so far as technical details arc concerned, are free fiom objection, but 
other interests may be involved to which he is not in a fosition to attach the 
importance which they may demand A project such as that which has been 
mentioned might exercise a seijops intiuence on the cthcieney of the (Calcutta 
Port and its approaches Restriction of the free flow of water over the land 
may affect injuriously agriculture and the public health In view of these 
considerations, we are of opinion, that such schemes should bo referred to a 
Board constituted on tlie lines Huggested in the last paragraph of this 
repott on» which all iutorostH likely to be affected would be represented before 
the schemes are completed and submitted for the sanction of Government. 
We consider that after a scheme lias been sanctioncni and completed permis¬ 
sion to open the line should be withheld until an oftieer of the Inination 
Department has examined it and ceitified that water-wa>8 have been provided 
in accordauee witli the orders of Govermiient. We consider further tdiat all 
works which fall under any one of the 4 classes above enumerated should be 
carefully examined before they are sanctioned with reference to complete and 
acSI^urate contour and spill area maps. 

26 . Efftet Of EooEotie Oaiiolo. —The upper Ganges canals abstract 
from the river during the dry season at least 20 per cent, of the total dis¬ 
charge of the Gauges, and the lowering of the level at the time when the 



/ 


13 


maintenance o£ a high level is necessary for any spill to enter the Nadia 
rivers accounts to some extent for the frequent drying up of the entrances 
in recent years. It is impossible now to leiuedy the damage caused by 
completed irrigation projects, but it is essential that before any now schemes 
of irrigation or of increased supply to existing canals are sanctioned, the 
effect of the reduction of supply on the discharge of the Ganges below the 
canals should Ijc considered wifli the greatest care and we recommend that 
sanction should not ho given to sueh schemes by the Government of India 
until all the local Governments whoso interests may be affected directly or 
indirectly have oeen consulted 


O.—Administrative oentrol of the oenneoted river eyetem. 

27 The head-water rivers. —U IK cuntemplatod that the noii-tidal head- 
watet rivers will lemain in diarge of the Public Woiks Department,, as fai 
south ah Nadia In the tidal aiea south of Nadia the Port (Jouimissioners 
should bo cliarged with the duty of suivcying the livei bed, their expert 
knowledge being icqniied for obsoivations of tide and discbaigo within the 
tidal area But in this area, tuivey is not the only necessity , stress has been 
laid on the inipoitancc oi onsuiing the fico passage ul the tidal wave and ol 
the extension as fai north as pt^sible o£ the flow oi the ilooil-tide, and it is 
accordingly essential that some lesponstble authority should he constituted 
to control the area either liom Nadia or fioiri the Jubilee Bridge southwards 
to CosBipur, the present noi thei ii limit of the Port of Calcutta, and thus 
prevent furtliei ('iicioachments on the inei The area of the greatest 
impoitd-nce lies between Cossipui and tho Jubilee Budge, and in this area it is 
important that conti ol should bo with tho Poi t Oommissionei s , as howevoi the 
spheio of their nctivitus must extmid to Nadia foi the purpose of sin vey apd 
observation of tide, sill and discliaige, it might peihnps be pieferable to adopt 
Nadia as the limit of tho Puit ComniiKsionets’ coiitiol The extent and method 
of such control aie, howovei, niaitois of some difficulty From the opening 
paragiilphs of tins leporl, it w'lll bo s<3en that proposals have previously been 
made for the extension ol the limits of tlie Pott of Calcutta as iai as Naihati ; 
we have carefully consideied this pioposal, but are not prepared to recommend 
it; for it would impose on tlm Port Oommissionei s over an extensive area 
duties and lesponsibilities winch they do not desne, and foi which they are 
not altogether qualified ^)ui Oommiitoe has further consideied tho 
possibility of lelying on the Embankment Act (Bengal Act 11 of 1882) oi tho 
Canal Act (Bengal Act V of 1864), these Acts would not however confer the 
necessary power of conti ol on the Port Commissioners, and would not accoid- 
ingly remove the present difficulties Aftci mature considoiation we consider 
that the simplest and most efficacious lemedy would be the issue oi a revised 
notification under section 4 (J)(o) of tho Indian Ports Act (XV of 1908) The 
existing notihcaiion issued on the 2nd Maich 1897 confeiie«l on the Poit 
CommiBsioneis the powers of Conservatois of tho navigable river channels 
leading to the port, south of the southern limits of tho port at Budge-Budge; 
we now propose that a revised notification should be issued confcriing 
similar powers on the Poit Commissioners noith of ('ossipnr as far as the 
Jubilee Bridge oi perhaps to Nadm. It would then l>e possible for tho 
Port Commissioners to issue general notices requiring that plans for the 
erection of n6w structures on the river banks in ihis aiea should bo sifbinittod 
to them for approval. It is tmo that tho Port Commissioners could not 
compel compliance with such orders ; but expoiience in the area south ot 
Budge-Budge has shown that in tho case of new erections the sanction of the 
Port Commissioners is ordinarily taken, and there is nothing to suggest that 
experience north of the port will be different. We are further of opinion that 
the power to enforce tho provisions of sections 10 to 12, 21 and 30 of the 
Indian Ports Act will be of the greatest benefit to the port. Should the 
extension of tho notification prove to be ineffective, we recommend the amend¬ 
ment of the Act to enable the Port Commissioners as Conseivators of the 
channels leading |[to ^the port to contrd tli« erection of any structure below 
high-water mark. 
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28. CMtrOl of tOMral rivor oysten. —It is hoped that this report has 
brought out. with sufficient clearness the undoubted fact that the hydraulic 
pioblems winch l>oai on the condition of the feeder rivers of the Hooghly 
are by no means entirely local in cbaractei. It has been shown that a 
study of' the river systems of the whole delta is necessary for a proper 
undeistanding of the matter, that road, railway and drainage embankments 
ill Central Bengal are important factors which directly influonce the edicieni 
action of these rivers, while yet further afield tho construction of canals in 
Upper India, which draw watoi fioiil the Ganges, is detiimental to the spill 
channels which supply the head-waters so essential to the conservation of 
the water-ways of the Calcutta Port Tho problem involved in the reduction 
by means of canals U| countiy of tho water discharged by the Ganges for 
tne service of the Calcutta Port is analogous on a largo scale to that which 
is explained in paragiapli 1«H as It&ely to arise at Goalundo and other centics 
of nver conimeicial transport if f,lio offtakes from tho Ganges of the Nadia 
spill channels weic so impioved as to diain ofl a considorabhi portion of the 
water which now flows past Iheiii We ventuie to think, theiefoie, that in 
view of the fai-ieaching eflects which may result, no new ot enlaiged canal 
scheme, which will draw its supply fiom the upper wateis of the Ganges, 
should be sanctioned hy tho Government of India until the Provincial 
Goveiiiments of Bengal and Bihar and Orissa have been consulted Con¬ 
sidering furthei tho vital iiriptiitnnce of tho consulvation oJ the deltaic nvcis 
in the inteiests of diainago, iriigation, sanitaiion and iranspoit and the iisk 
of deterioration to which they arc exposed in the event of undue rostiiction 
of their spill areas , wo aio of o| inioii that a Boaid should be constituted by 
the Govorntnent of Bongal to examine all important pnojocts w'luch aie 
likely to lestrict tho fice flow of flo<xi-water and lepoit to Gov(*inmont hefoie 
sucli projects are sanctioned We suggest that the rnombeis of this Buaid 
should ordinarily consist of tho Chief Enginect, Irrigation Ih'partment, re¬ 
presentatives of tho Sanitary and Agiicultural Departmt’iits, of conimetciai 
interests and of Inland River Transport A representative of the Company 
responsible for the scheme undei consideration should also bo a meiiiboi as 
well as a ropresentativii of the Port t’oiiiiniseionui s w)»en tho scheme is likely 
to affect the area ilramod hy tho feeder iiveis of ihe Hooghly Tlio con¬ 
stitution of a Board on the lines recommended would ensuie that no piop*ct 
IS undertaken until the views of peisons qualihod to speak on bohalf of all 
interests concerned have been duly consideiod 

C. J. STEVKNSON-MOOUE, Prmdewt 
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APPENDIX I. 

*>NOTB ON THK aBOL-OQICAL. ASPECT OF THE CHANGES THAT HAVE TAK^N 

PLACE IN THE RIVERS OF BENGAL, 

CtiAptAra I to VII of Major HIrat'a Report. 

Wb have been asked to deal with the first seven chapters of Major Hirst’s report 
which are concerned largely with what may be termedThe geological aspect of the 
changes that have taken place in the rivers of Bengal/* Major Hirst has gone into these 
changes in great detail, and has concluded that they are due in the mam to crustal move* 
ments, resulting in the elevation of some, and the depression of other, parts of Bengal and 
Assam After carefal study of his arguments, we are not convinced that his deductions 
are justified or that the effects referred to are necessarily attributable to the causes that he 
postulates All the features of the Gangetic delta (in this term we include the combined 
delta of the Ganges and the Brahmaputra) seem to us to be normal, and to be such as 
might be expected to occur in any large deltaic area , and the features referred to by 
Major Hirst in Chapter Vll as **marked abnormalities** would not be described by us by 
that term. Thus Major Hirst refers (page 21) to the winding nature of the channels of the 
Nadia rivers as an abnormality. This feature is one which is essentially characteristic of 
all rivers flowing through flat country, and will be found described in most text^books, the 
following quotation from one of which (Geikie Text-book of Geology, Volume I, page 499) 
will suffice ** One of the most characteristic features of streams, whether large or small, 
IS the tendency to wind in serpentine curves when the angle of declivity is low, and the 
general surface of the country tolerably level This peculiarity may be observed m every 
stream which traverses a flat level plain ’* The causes of this are fairly obvious and well 
known and need not be quoted here A glance at any one of the maps of the deltaic areas 
of Bengal will show that this feature is a prominent one m the case of all the Bengal 
rivers It is further a matter of common observation, as well as a natural deduction, that 
rivers flowing through comparatively flat country are readily affected by comparatively 
small obstacles^a fact which was evidently in Major Hirst’s mind when he wrote on page 
36, paragraph 2(7) ** It seems to bo quite possible that considerable change is caused to 

the river bed through sunken boats and perhaps hero and there through snags ” Sunken 
boats and snags are not the only obstacles that might affect the course of a deltaic river , 
thus local rainfall may induce heavy floods in comparatively small feeders of a largo river, 
and this and other seemingly insignificant causes may be sufficient to produce apparently 
incommensurate results. The fact that the main channel of the Ganges has changed from 
the Hooghly to the Padma is not, m our opinion, a ** peculiar ” phenomenon [page 12, 
paragraph 4 (/*)]• but is only what might be expected in a deltaic area In this connec¬ 
tion we may quote again from Geikte’s text*book of Geology, page 515 “ When a river 

enters upon the delta portion of its course, it assumes a new character In the previous 
parts of its journey it is augmented by tributaries , but now it begins to split up into 
branches, which wind to and fro througli the flat alluvial laud, often coalescing and thus 
enclosing insular spaces of all dimensions. The feeble current, no longer able to bear 
along all its weight of sediment, allows much of it to sink to the bottom and to gather 
over the tracts which are from time to time submerged Hence many of the channels are 
choked up, while others are opened out in the plain, to be in turn abandoned , and thus 
the river restlessly shifts its channels • • • • typical delta of the Nile affords 

an excellent illnstration of the main features of delta-building. Of the ae^eu ancient 
montfis of this river only two now remain ” Indeed, the history of most deltas is similar 
to that of the Ganges. 

2. To sum up, therefore, we see no reason to regard the behaviour of the Gangetic 
rivers as other than such as oharactenses the normal processes of river development, and we 
do not consider that the effects observed within the last few hundred years can reasonably 
be attributed to tnose slow and gradual crustal processes, included under the term 
d\€k9troph\9m.t which act through geological periods. 

3. We are not convinced, t^herefore, that those gradual changes, implied by the terms 
elBVQkixon and auhixdenc^ as employed by Major Hir-it, can be regarded as operative from 

* BsoeiTtd with Direetor^lot^ter No 174>4, dated the Slit Jalj 1917 
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the practical point of Tiew, and we consider that they may be disregarded in any present 
enquiry in connection with the rivers of Bengal. At the same time, there are andonbtedlj 
certain t ec to n i c phenomena which probahly have eftecta, more often indirect, on the 
general trend of development of the rivers of the Bengal-Assam system, l^ese teetonio 
phenomena are, as a rule, comparatively deep-seated, and their effects on the surface are, 
as we have just remarked, nsually only indirect. They take place suddenly and violently, 
and are generally accompanied by vibrations of greater or less intensity. W'hen violent, 
they are noticeable as earthquakes. Although it occasionally occurs that an earthquake is 
accompanied by visible changes of level at the surface, this is exceptional, and in broad 
alluvial areas like Bengal, the more noticeable efieots are purely superficial, and result in 
the formation of fissures and sand-vents and in the collapse of nver-banks. It is true that 
in the great earthquake of 1897 distinct faulting was observed in the Garo Hills (Geological 
Survey of India, Memoir, XXIX), but no evidence could be found of its extension into 
the plains. At the same time, the bed of the Brahmaputra appears to have been appreci¬ 
ably affected at certain points and was distinctly raised, though, whether this was due 
to actual uplifting of the bed itself or to an unnsnally rapid rate of deposition of silt, 
attributable to merely superficial causes, it was found impossible to determine 

4. On the whole, therefore, tne only effects of crustal movement which, we consider, 
can be fairly accredited with any effect likely to be appreciable within the next few 
hundred years on the rivers of Bengal are the sadden and more or less violent superficial 
disturbances due to earthquake tremors, and we are not convinced that the gradual move¬ 
ments of Bubsidence and elevation po8tulate<l in Chapter IV by Major Hirst are real. Apart 
from the fact that such movements usually take place so slowly chat they are not likely 
to be appreciable within such short periods as three or four hundred years, the arguments 
deduced by Major Hirst in favour of their existence do not appear to us to be entirely 
convincing 

5 In expressing the above opinion, we feel that it is necessary, at the risk of being 
‘tedious?to deal with Major Hirst's arguments in some detail The first point to which we 

need draw attention will be foutnl in tho last paragraph of section 2 on page 7, in which 
Major Hirst states that Bengal was once covered by the sea, and that from the Himalaya 
to the sea there is somewhere below the surface a flat plinth upon which the whole delta 
lies. This paragraph involves a8;4nmptionB of great importance, and, as they conflict with 
the \tews generally hold regarding the geological history of the Gangetic plain, it is 
necessary to examine them in some detail Throughout the whole of the Gangetic plain, 
from west to east along its northern margin, there is no trace of any marine deposit formed 
along the foot of the Himalaya That an arm of the sea covered parts of Assam in 
Cretaceous and in early Tertiary times is pioved by the presenc ‘ of marine fossils in the 
Kiiasi and Garo Hilln , that that arm may have e\tended across the site of the present Indo- 
Gangeiic plain in pre-Tertiary and possibly even in Kocene times, t e , before the existence 
of the Himalaya as a great mountain range, is conceivable , but the absence of Tertiary 
marine deposits, and tho presence of Tertiary fresh-water deposits, throughout the Outer 
Himalaya from Dehra i)nu to Sikkim, show that, since the elevation of the Himalaya, 
marine conditions have not existed in that area, nor is there any evidence of the existence of 
such conditions at any point in the Gangetic plain between the Himalaya and the Peninsula. 
It 18 true that we know very little about the nature of the deposits underlying the 
Gangetic plain. For such knowledge as we have, we are dependant mainly on borings at 
Ambala, Agra, Lnoknow, Chaudernagore, Fort William and Canning The deepest of 
these borings reached a ilepth of only a little over 1,«300 feet, but the bonng at Agra pierced 
the alluvium completely without <h8cIo8mg any beds of marine origin, nor were any such 
beds met with in any of the other bore-holes This matter has been dealt, with at some 
length in the Manual of the Geology of India^ 2ud edition (1893), and we need not r^-pro- 
duce the details here , we may merely point out that Major Hirst has adduced no evidence 
in favour of the contrary view that he now puts forward, and we do not consider that it 
would be safe to reject the generally i.ccepte<l conclusion that the conditions prevailing 
over the Indo-Gangetic plain from comparatively early Tertiary times have been not 
dissimilar to those that exist at the present day, an<l that there has been a slow but gradual 
subsidence, permitting of the accumulation of an enormous thickness of alluvial deposits , 
whether such subsidence is still operative vse are not in a position to say, but even if it is, 
we do not consider that its action would be sufficiently rapid to justify its introduction as 
a factor in our present deliberations 

6 The next point to which we may draw attention is the reference in Chapter lY, 
paragraph 1, to a former land surface which is said to have subsided at some time, but 
subsequently to have been caused ** to ri^e irregularly, and show its face above the level 
of tho modern surface ** Presumably this old land surface is what is termed, in geological 
literature, the older alluvium, which is found in most places at no great depth below' the 
present surface That it has subsided is evident from the fact that it contains fossil 
remains of terrestrial mammals at depths of from 8u to 100 feet below the present surface. 
These fossils are of Plei'^tocene age, an<I the rate of subsidence that would be deduced 
therefore, assuming that it is not complicated by movements of elevation, would ba 
extremely small Major Hirst appears to believe that this older alluvium has subsequently 
been raised Irregularly, presumably by tectonic processes, and he points to ceatein areas in 
which the older alluvium le now to be seen above the present surfaco. In this he is 
following and amplifying the views expressed by Fergusson, and till recently accepted, 
with regard to the area known as the Madfaupur jungle That the Madhupur jungle is 
an ari*a of special elevation may or may not be true, but that there is also, throughout the 
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0 a&g«tle plain, a Imrge number of areas, which have been similarly elevated, requires 
more evidence than is here brought forward^ The chief facts relied on appear to be^ 

(1) the presence of the older alluvium beneath the present sarfaoe at various point 

and at varying depths ; ^ 

(2) the presence of hanging valleys on the banks of the Lakhya river. 


Neither of these pnenomena seems to us to justify the assumption that irregular 
elevation has taken place. The fact of the older alluvium being an old land surface dating 
from the Pleistocene period would lead us to expect it, like the Pleistocene alluvium of 
the Narbada, to show a considerable amount of superficial irregularity. The older 
alluvium of the Madhupur jungle is from 60 to 100 feet above the surrounding country, 
but we do not consider that even a difference of level of 100 feet in an old land surface 
must necessarily be explained by special tectonic processes resulting in elevatioh. 
Although we are not prepared to deny that the Madhupur jungle may be, as Fergusson 
claimed, an area of special elevation, it seems preferable to regard it as a result of 
ordinary superficial processes, its more pronounced character being attributable to the 
simple and familiar causes assigned by Mr. LaTouche lu his paper on the subject 
published m the Geological Magazine for 1910. That paper was apparently not 
accessible to Major Hirst, and a study of it may perhaps lead him to revise his 
conclusions. 

7. The second phenomenon referred to by Major Hirst, viz, hanging stream^beds, 
though sometimes indicating that elevation has taken place, does not necessarily involve 
that process We are inclined to question the propriety of the use of the term in this 
connection and would suggest that the fact that the rate of erosion of the Lakhya river is 
apparently greater than that of some of Its tributary streams may be due toother and 
simpler causes, several of which might be enumerated , but, without an examination of 
the ground, the assumption that they were operative would be no leas hypothetical than 
Majoi Hirst’s assumption of recent elevation We do not consider, however, that the mere 
existence of hanging stream-beds is, as stated in the report, conclusive evidence of 
recent elevation ” 

8 . The statement, made in the same connection, that in Jalpaiguri the oucBide limits 
of the old alluvium are clearly broken by fractures,” requires, in our opinion, elabora¬ 
tion and amplification. The conditions assigned to Jalpaiguri by Major Hirst s^^m 
to US contradictory^ for, in one paiagraph (paragraph d, page 10) he refers to this 
area as furnishing evidence of recent elevation, whereas in the next be postulates 
the presence of a line of subsidence lunning fiom Kincliinjunga through Jalpaiguri to 
the sea. 

9 Other aspects of the question of the relationships of the older alluvium also seeqi 
to us to require farther elucidation Major Hirst has jirepared an luteresling map 
(plate 5) showing what he regards as the distribution of the ohl and new alluvium in 
Bengal An accurate map of this kind would be of considerable academic interest, 
especially if it were on a large scale It is possibly due to the smallness of the present 
scale that considerable areas of Trap and Gondwana rocks in the Rajmahal Hills, and 
Tertiary rocks along the foot of the Himalaya, have been included in the older alluvium 
Detailed information as to the bedding of this old alluvium would also be of interest. 
Major Hirst states (page 10, paragraph 3) that it dips under the modern surface Possibly 
he was not using the term ’dip* in its technical sense, as indicating the effects of fold¬ 
ing processes which result in the tilting of beds, once horizontal, till they are inclined to 
the horizon. Although false bedding and current-bedding may reasonably be expected to 
occur in the Pleistocene alluvium, we know of no recorded instances of true dip, and if 
Major Hirst’s reference to the islands of old alluvium dipping under the modern surface 
is intended as evidence of folding, facts in support of the inference should be adduced. 
Mere undulation of the surface is, of» course, no proof of tectonic action, and, in the case 
of a deposit so young as Pleistocene, would more probably be due to natural processes 
of denudation. 

10. Turing now to the points enumerated by Major Hirst as furnishing “ evidences 
of subsidence in Mid-Bengal,*’ we do not find the grounds put forward convincing. 

With regard to (a), paragraph 4, page 11, the fact that the line along which the 
supposed subsidence is assumed to have occurred would, if produced, meet a very highly 
elevated tract of the Himalaya, does not seem to us to offer any evidence of subsidence, 
wnereas, even if we accept the statement (for which we doubt if there is any real 
evidence) that there has bean unuetially fieavy faulting in the hills, it should be 
remembered that most of the faults of importance known to occur in the Sikkim 
Himalaya run approximately paralled to the Himalaya, and wc know of no system of 
cross faulting of which a line of subsidence stretching from Jalpaiguri to the sea would 
be an element. The evidence based on FergaBSon*s deductions with regard to the 
alluviam of the Madhupur jungle is, even if accepted, of ^only local application, and, if, 
as we incline to think, LaTonche*8 views are found to embody a more rational explana¬ 
tion than Ferguason’s, the evidence hitherto adduced in favour of the existence of a hno 
of fracture in this part of the Brahmapurta valley disappaars. That there may be many 
fractures under the alluvium is possible, but the cloak of alluvial deposits renders it 
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impossible for us to make aay definite observations on the sabjeot, and we do not feel 
that any of the grounds put forward by Major Hirst would justify the view that the 
existence of a coutinnous line of subsidence, such as he postulates, has been proTsd. 

With regard to the evidence ^iveii under (6), even if we accept the hypothesis that 
the BO'Called Barisal guns ” are of seismic origin, th;» fact of the occurrence of such 
seismic phenomena at Jalpaiguri, at Barisal and in Java, does not, in our opinion, justify 
the assumption that a single line of subsidence connects either all or any two of these 
places. 

The hypothesis referred to under (c) does not necessarily involve subsidence. An 
equally probable, and moro usual, cause would be simple erosion. 

The questions dealt with under (d) have been considered by Mr. LaTouche in the 
paper already referred to, and his views afford a very reasonable explanation, if one is 
required. It is not unusual, however, for «ue part of a delta to be in a Jess advanced 
state than other parts. 

• With regard to (e), abrupt changes of the character of the strata are not uncommon 
in alluvial areas. 

The behaviour ot the Damodar, and Major Hirst’s statement that the general trend of 
the drainage has changed within comparatively recent times from south-east to south¬ 
west, seems to conflict with the evidence adduced under (/ ) 

(p) refers to Fergusson’s theory, with which we have already dealt 

(A) 18 presumably intended not as evidence but merely as an inference. 

11 On the whole, therefore, we do not teel that the case put forward by Major 
Hirst, either for recent elevation or tor subsidence, is convincing, nor do we cqpaider 
that either oi these processes need be taken into consideration in connection with the 
human aspect of the question ot the development of the rivers of Bengal 

12 Wo have read with great interest the detailed information with regard to the 
history and the characteristics of individual rivers embodied in Chapters V to Vlll, and, 
while realizing the amount of investigation that these chapters must have involved, we 
are not convinced that tbe characters ot the rivers have been shown to b^ such as would 
justify thpir being regarded an abnormal They seem to us to be following the natural 
course of deltaic development and we see no reason for the assumption, recorded on page 
23 (paragraph 5), that subsidence has taken place m the neighbourhood of Nadia In a 
flat country, such as the plains of Bengal, it may be expected that a water-channel will 
be affected by comparatively iiisignihcant events, which may nevertheless be suflicient to 
give rise to changes of its couise It seems lo us to be an arguable proposition that the 
change of the main stream of the Ganges from the llooghly to the Padma was effected 
with very little elloit, for, it the allegory embodied lu the first lour paragraphs of 
Chapter VIII is to be given any historical weight, it would appear from paragraph 4 that, 
when Oanga followed Bhagiraih, the difference in importance between the Hooghly and 
the Padma was so small that she mistook the one tor the other. We do not, however, 
put any great faith in ** evidence ** of this typo, and we merely quote it to show that it is 
open to more than one interpretation 

X3. There is, so far as we can see, no reason to assume that the present channel will 
necessarily be any more permanent than the Hooghly has been. Fergussou’s arguments 
as to the ponding back of the Gauges in 1838 seem to os very convincing, but proot one 
way or the other is undoubtedly a matter of great difficulty, and the question is probably 
too complioateil to offer rehable evidence as to any possible effect on rivers so tar up¬ 
stream as the Hooghly.* 

14 With regard to the question of the future of the rivers of the delta, restoration 
of the Bhiigirathi, or of one or other of tbe streams ffowing south to the Hooghly, might 
easily occur in consequence of a comparatively small alteration ot conditions in the Ganges 
This may be exemjdihed with reference to the Bhagirathi The present spill-teeder (see 
sketch) takes oil fiom a loop in th« Ganges, which points towards the sontb-west, as is 
well known, loops tend to extend chi mselves, and to become more and more completely 
circular or elliptical Ah this happens, tbe centrifugal force of the water sweeping round 
them increases, and au> spill-channel taking off from the outside bank of the loop should 
be augmented by reason of this centiifugal force. The loop of tlie Ganges from which the 
Bhagirathi at present takes off may be expected to extend to the south-west, and to invade 
slightly the Bhagirathi, tbus increasing its curve The Bhagirathi may by that time 
have out through its own loop, which ut present gives it such a bad take-off, and may thus 
attain a more favourable take-off and derive reinforcement of its water therefrom, and also 
from the increased centrifugal current in the mam river 1 oth the Jalaugi and Macha- 
bhanga occupy rather similar positions The prospects o.f the Hooghly would thus appear 
favourable rather than unfavourable, bnt, of course, there is always the possibility ot the 
spill-feeders completely changing the position of their points of take-off and taking off 
from the inside bank of a bend As we have already pointed out, however, so^all causes 
not infrequentlj have incommensurably large effects, and it is always possible that some 
small accident, such as a fall of bank or a slight shifting of the channel, due either to a 
flood or to excessive local deposition, may arrest the development sketched out above , it is, 
in our opinion impossible to foretell in what direction development will take place, and 
we regard as highly speculative, and of doubtful utility, any attempt to for'-^afil'the future 
OB these lines. At the same time, we are not convinced that there is jnstiflcation for 


* Bat Me alao LaToaehe, GtUogtcml JUa^aattia, 1910, page SOI 
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belieTing that the condition of the Hooghly will inevitably become worse than it has been 
in the past, and we oertamly do not consider that any dedaotions can reasonably be based 
on the assumed effects, daring a course of a few buudred years, of the operation of 
tectonic forces, whether regional or local. 


Calcutta, 

The S38t July J917. 


H. H. Hatdbn, 

Directory Qeologxcal Survey of India, 
£. H. Pabcob, 

Supeuntendenty Geological Survey, 


Exiracta from the Geological Magaztney New SerieSy Decade P, Volume VII (JPiO)! 

RallOB of the Oroot loo Ago In tho Plaino of Noi^horn Indio by T. H. D. 

boTouoho, Qoologlool Survoy of Indio, 

Throughout the valley of the Ganges and its tributaries patches of what is known 
as the*** older alluvium ** are to be found, rising to a coiisicieiable height, often as much as 
lOO feet, above the present flood-levels This alluvium is generally to be distinguished 
trom the later river-silts by its red colour, which has given the name ol Rangamati 
^coloured earth) to so many villages in Bengal and Assam , and by its containing 
quantities of ibe peculiar nodular form of limestone known as * kuukur,* the presence of 
which IB lu itself a sign that the deposits are of oonsnlerable antiquity, foi it owes its 
origin to the slow accretion of particles of carbonate of lime dissolvetl out of the slightly 
calcareous sediments by percolating water, anti rodepobited in the form of nodules as the 
water evaporates 

One of the most conspicuous instances of this old alluvium is the elevated tract kuuwn 
as the Madhupiir jungle, extending to the north of Dacca between the present channel of 
the Brahmaputra and its old course into the Meghna The soil of this tract is a stiff red 
clay, evidently an old nver-silt, but raised to a height of some CO to 100 feet above the 
flood-levels of the rivers on eithei side. Several other patches occur in the lower Ganges 
valley, but as we ascend the river and its tributaries into the United Provinces and 
Bundelkhand, wo had that this older alluvium is almost universally distributed, and has a 
distinctive name, that of *bliangar* iii contrast with the low-lying * khardar’or straths 
along the river-couises, and that it beais eveiy sign ol being in a state of rapid eroaion , 
that it belongs lu ettect to a condition of things that has now passed away, when the 
riveis probably possessed a much greater volume of water and brought dow'n correspond¬ 
ingly greater quantities of silt 

• ••••••• 

It IB always a source of satisfaction to tho geologist, or indeed to any scientific man, 
when he finds that a theory intended to explain a certain senes of facts can be used to 
clear up difficulties that may surround another series of equally well-ascertained facts. 
The changes of the courses of the rivers of Lower i-vengal have tor a long time excrcise<l 
the minds of surveyors, engineers and geologists and various cxplanationb of them have 
been put forward, ospooially of the comparatively sudden desertion by the Brahmaputra 
of its old channel, which ran to the east of Dacca at the beginning oi the last century. 
This problem was first seriously attacked by Mr Fergusson fifty years ago, and partly 
turns on the question of the origin of the elevated tract of ground 1 have already 
mentioned, the Madhtipur jungle. He attributed it to a special upheaval of that part of 
the delta which deflected the Brahmaputra into the Meghnu anil the jheels of Sylhet. But 
we should have to apply the same reasoning to other patches of the older alluvium, and it 
IB difficult to suppose that each of them is due to a special upheaval, moreover, one 
would think that an upheaval in that paiticular place would be more likely to force the 
Brahmaputra westwards than deflect it to the east. Nor does it account for the fact that 
the Brahmaputra, now a much larger river than tho Ganges, allowed itself to be pushed 
aside in this way , or that, considering that it brings down very much more silt than 
the Ganges, it should have done so little towards filling up the Sylhet jheels. But a study 
of the present river-courses will, 1 think, throw some further light on the subject 

The Dihang, which, as is now universally admitted, brings down the waters of the 
Tsanpo of Tibet into the Brahmaputra, is not, I think, the original main channel of the 
latter, but was, until quite recent times, a mere tributary It is only within the last 
thirty years that it has been proved beyond doubt that the Tsanpo is connected with the 
Brahmaputra, though Rennell was the first to recognise that it must be so in 1765. Only 
a few days ago 1 saw a modern atlas in which the Tsanpo was shown as flowing on 
eastwards into the Salween. Now it is not at all nnlikely that, at the period I have been 
speaking of, the Tsanpo either flowed westwards, as Burrard and Hayden maintain, and 
escaped through the Himalaya at some other point, or lost itself in the deserts of Tibet, 
and that then the Dihang was a mere tributary of the Brahmaputra, but that it has since 
cut back at its head into the valley of the Tsanpo and ** beheaded *’ it. If this was so, the 
Brahmaputra must have been a comparatively small river at that time, and it is not 
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sarpming that iu its lower ooanie it was poshed aside by the alloviom brought dowu by 
the Ganges and its tribataries. Indeed it may be that the Madhnpur jangle is a reiio of 
the old delta face of the Ganges, and that to the east of it, at that time, there was open 
water, reaching perhaps up to the foot of the Khaai Hills ; in this way I woald account 
for the backward state of that part of the delta. Bat when the Dihang beheaded the 
Tsanpo, and brought down this enormous accession of water, the Brahmaputra began to 
astort Itself. At first it could do little, for the accumulation of alluvium m its path was 
too great to be swept away, and it had to be content with its old coarse into the Megbna ; 
but it had a treacherous ally in the Teesta, which had gradually been sapping the defences 
of the Ganges. The Teesta, wandering from side to side over the old alluvium south of 
its exit from the hills, swept it away by degrees, wearing down the face of the country 
to the west of the Madhnpur jungle, and in course of time opened a passage for the spill* 
water of the Brahmaputra down the Jenuai nver. 

Finally the Teesta, frankly deserting its lawful sovereign, the Ganges, threw itself 
suddenly (this happened so recently as 1787) into the Brahmaputra. The effect of this 
was not at first noticeable, but it is probable that the extra silt bronghc down by the 
Teesta was too much for the Brahmaputra to deal with hampered as it was already by 
the damming back of its waters by the Meghna as the latter slowly raised the levels of 
Sylhet, and that the two allied rivers were compelled to find a new channel. The 
insignificant Jennai offered the means of escape and its bed 'was occupied about one 
hundred years ago. 

The struggle that then began between the Brahmaputra and the Ganges is still in 
progress and issue was joined so recently, almost within the memory of men now living, 
thai we cannot suppose that it has yet been fought to a finish, or that developments may 
not take place that will have far>reaching effects upon the fncure history of Bengal. The 
Brahmaputra, being the more powerful river, is not likely to rest content with the 
advantage it has already gamed Up to the present time, indeed, it has not been able to 
exert its full strength, for it cannot do so until it has brought the level of the Assam 
Talley to the state in which it would have been had the valley been originally excavated 
by river of the size and power of the present Brahmaputra. As it is, much of the force 
of the river when in flood is spent in the low ground flanking its course , but when this 
has been brought to the true ^regimen,’ there is no doubt but that the river will be able 
to show its real strength with more effect in its lower course. Even m 1838 it had 
succeeded in damming back the Ganges to such an extent near the confluence that the 
latter was fordable at several places above Goalnndo, and was compelled to seek for a 
new exit to the sea The Garai, which leaves the Ganges at Kushtia, was enlarged 
from a mere creek unable to float a vessel drawing more than a foot or two of water, as 
Reunell found it in 1764, to a broad and deep river, now the principal steamer-route 
from Calcutta to the Upper Ganges. What further developments may take place we 
cannot predict, but it is possible that their influence may be felt still higher up the 
Ganges, and may even extend to the Jalangi or the Bhagirathi, and so affect the welfare 
oj Calcutta The mitigation of any evil efiects these changes may have is a matter for 
the consideration of engineers If the^ become acute, something might be done to assist 
the Ganges by iiiduciiig the Tista to return to its old allegiance , but the forces exerted 
by such vast bodies of moving water are so prodigious that it is unsafe to speculate 
without a complete knowledge of the facts 
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CHAPTER I, 

General description of the Deltaic Rivera. 

The Qangetic delta covers an area of about 25,300 square miles in Bengal, forming a 
rough triangle bounded by the Hooghl> on the west, by the Meghna and Chittagong coast 
on the east and with its apex at the head of the Bhagirathi effluent between Kajinahal and 
Rampnr Boalia. 

2. The delta has been formed by the action of three great rivers, the Ganges, 
Brahmaputra and Meghna. It is intersected by innumerable ri\er8 and creeks running 
generally in south, or south-easterly courses into tidal estuaries on the sea face. Some of 
these estuaries have a direct connection with the Ganges, while with others, such as the 
Bhairab, Kabaganga, Chilra,* Kobadak, Hanhar and Bhadra rivers in the Jessore district 
west of the Madbnmati, which formerly derived their supply through the M.atabhanga, 
the connection from various causes partially, artificial, has in the course of time been 
severed and the rivers have become merely local drainage channels Other rivers 
originate in bils or marihes and rely on tidal spill. Where the spill, whether tidal or 
from the Ganges, has been interfered with, the streams are in process ot degeneration 

.1 The Ganges and Brahmaputra, rivers of ihe most importance in considering the 
formation of the west >rn ponton of the delta, have their sources within a hundred miles 
or BO of each other, hut on opposite snles of the Himala>as, an<l bring down into Bengal 
the combined drainage from both slopeb of that great watershed, luctmlmg the discharge 
from the melting snows of the mountains. The Ganges after issuing at Haidwar from its 
source in the Himalayas, flows down past Allahabad, where it is joined by the Jumna It 
runs in a generally easterly direction along the sonthern side of its central valley, skirting 
the northern edge of peninsular India, and receiving successively as affluents on its lelt 
bank the rivers Gumti, Gogra and Gqndak, draining the Himalayan southern slopes, and 
on its Tight bank the Tonge and the important Sone river. Just above Sahebganj, the Kosi 
joins it fromthe north and the Ganges then sharply rounding thj outlying fringes of the 
Rajmahal hills, follows a general south-easterly course. Shortly after passing Rajmahal, it 
enters on its deltaic cireer, giving ott its first effluent the Hbagirathi, at Gena, about 
34 miles above Raiupur Hoalia. A few miles further down, the Ganges receives its last 
tributary, the Mahananda. 

4 About 18 nliles below the Bhagirathi entrance, the Bhairab spills southward over 
the light bank 11 miles above Aknganj and joins the Jalangi, the upper channel of which 
from the offtake of the Matabhanga, is now closed and only flows in the flood season 
A short ilietance below the Bhairab offtake, the Sialmari spills over dorms the rams and 
also runs into the Jalangi. The combined rivers flow south-westward and meet the 
Bhagirathi at Nadia to form the Hooghly. • 

After passing Rampur Boalia, the Baral river is thrown off from the left bank and 
this stream flowing through the Chalan Jhil and combining with the Atrai from near 
Jalpaigun, joins the Brahmaputra above Goalundo. About 19 miles below Rampur 
Boalia and the same distance above Sara, the Matabhanga takes off from the Ganges at 
the old Jalangi entrance and, flowing in a south-westerly direction, enters the Hooguly 
near Chakclaha under the name of the Churni. Two offshoots are given off from U e left 
bank of the Matabhanga the Kilmar draining south-eastward into the Nabaganga and 
to the Sea by the Marjata estuary and the Ichhamati, flowing southw irds, joining the old 
Jabuna and Anally passing into the Kaimangal estuary These two streams, the Kumar and 
Ichhamati, which Major Hirst believed to be practically closed (paragraph 4, Chapter VI 
of hiB report) have been estimated to take away at present about seven-tenthi of the spill 
supply of the Matabhanga, only three-tenths of the discharge passing through the Churni 
into the Hooghly 

6 Between the Kumar and Ichhamati, the old Bhairab used formerly to continue 
its course Bonth-xiastward and into the Madhumati past Jessore, giiing oft the Kobadak 
river early in its career. The heads have silted up, and in its lower portion the Bhairab 
has iieen deflected to dram into the Paesur or Marjata estuary, but the Kobadak still flows 
into the Malanoha as it did originally. ^ 

7. The three feetler rivers, Bhagirathi, Bhairab-Jalangi and Matabhanga form the 
system known as the Nadia rivers. Their spill offtakes from the Ganges «re subject to 
great variations in position in the course of years and the condition of the rivers as 
regards the supply of water m the dry season is largely dependant on the favourable or 
unfavourable situations of these changing offtakes. 

8. The Ganges passes Sara 19 miles after throwing oft the Matabhanga and above 
Kushtia, or about 12 miles below Sara, it gives off the Garai effluent, which lower down 
an ier the name of (he Madhumati, flows into the Bay through the Baleswar and Harm- 
gbata estuary. The Ganges me-^ts the Brahmaputra at Goalundo, about 59 miles below 
Sara Below Faridpur, the Padma, os the combined river is called, splits into branches 
and later at Chandpur, the Meghna flows into the main nver, which debouches into the 
Bay of Bengal under that name. 

* According to Hooter the Chitro nret woe ertiScally diecooaected from the Hsbegangs whence it 'ormerly rereivcl 
ite spill sopply, by aa embeokment which an indigo planter threw across its bead about 1880 Accordinff to the ftam«> 
aotbmtT toe coonectioo of the Hobadak with the Hatabhann was revered through the action of Mr Bnakeepeare, a 
former Magutrate of Hadia, who cut a cbanDel aoross the seek or a bend of the Matabhanga at the Kobadak offtake 
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9. The Ganges has a length of 1,540 miles and a catchment area of 397,500 aqnare 
miles with an average rainfall of 42 inohee. Frooc' Febrnary to May, its average disohirgi 
at Bara jnst below the Nadia offshoots is probably below 50,000 casecs. This begins to 
luciease in May and rises to an average maximam of 1,500,000 enseos at the end of Angnst, 
or the beginning of September. The greatest discharge ever measured was 1,926,080 cubic 
feet per second on the 22nd August 1910 and the probable maximum discharge at extreme 
high flood level would be 2,500,000 casecs. The river level is cousequeutly lowest in 
April and May. It begins to rise in the latter month and then more sharply early in 
June, attaining its maximum height about the end of Angnst • there is usually a subsi* 
diary Ireshet which maintains the flood level m the first half of September and it 
then falls gradually to its lowest stage, the flood being imperceptible by the end of 
November 

10. From experiments at Rampur Boalia at the height of the flood season in August 
1909, the Ganges \\ as estimated to carry au average proportion of dry silt by weight of 1 to 
473, or about 924 grams to the cubic foot. In September 1903 the proportion measured 
at Sara, as 1 to 527, or 830 grams to the cubic foot In August and September, the 
proportion is estimated at 1 to 760, or 575 grains, at the head of the Ganges canal. The 
sand found in the river at Sara is very fine, all passing through a sieve with 75 threads 
to the inch aud only 58 per cent being stopped by a No. 100 sieve. From Sahebganj to 
Sara the aveiage slope is 3 36 inches to the mile m the dry season aud I inches to the milo 
in flood. At Goalundo, at the confluence of the Gauges and Brahmaputra, the fall is 
4 15 inches lu the dry season and 4*50 inches to the mile m the flood season. The slope 
of the river of course varies naturally at different points according to conditions and at 
Sara where conditions are abnormal, it was found, when the river was in high flood, to 
vary at points a short distance apart from as little as 3} inches to the mile, to as much as 
15 inches to the mile, changing at one point joat below Sara, from 9 to 15 inches to the 
mile as the river ros** from the low to its high stage. 

11 Tlio Brahmaputra is 1,800 miles in length and has a drainage area of 361,200 
square miles over country with a heavy ruiufall, the average in the Assam Valley being 
ubont 88 inches Afiei traversing Tibet in an easterly course as the Tsan Po, it emeiges 
into Assam under the name of Dihong and flows sonth^westward through an alluvial 
plain m the Assam Valley, 450 miles in length with an average breadth of 50 miles, 
receiving venous tnbniari.^s on both banks, draining the Himalayan slopes on the 
north aud northern slopes of the Assam hills from the south The Brahmaputra then 
curves round the western spurs of the Garo hills, where it receives the Tista on its right 
bank and under the name of Jamuna, flows due south to join the Ganges at Goalundo, 
receiving the BarabAtrai combination on its right bank and throwing off the Dhaleswari 
distributary about 44 miles above Goalundo. This latter river, the upper portion of which 
has deteriorated, runs south eastward, splitting into tw'o branchcb, one of which the 
Ban Ganga flows past Dacca and then combining again with the other branch enters the 
.Megbna at Narayauganj Au old silted-up course of the Brahmaputra branches off from 
the present mam stream, opposite the old mouth of the Tista, and continuing the curve 
round the Garo hills spur, drains south-eastward past Mymoustngb and into the Meghna 

12 The slope of the Brahiiiaputrn, which 18 IG inches to the mile at Dibrugarh at 
the head of the ABsain Valley, decreases to G inches at Tezpur in the middle of the valley, 
and then to 43 inches and Clinches at Dhubri where it commences to flow south. At 
Goalundo, where it joins the Ganges, thf> slope us mentioned before ib 41 to 41 inches 
to the mile during the dry and flood seasons respective)}. 

13. The low wafer dischaige of the Brahmaputra is about 1.50,000 cusecs , no 
reliable figures are available for the Hood discharge, which is probably greater than the 
Ganges The river level at Gauhati commences to rise m March and a small flood of 
about ten days* duration usually oCv.urs at the beginning of May, owing to early rains. 
The river then rises steadily till the m ddle of July, remains at its highest level for two 
nonths, an<i then falls graduallv tro'a the middle of September to its lowest stage in the 
middle of February. The silt charge from experiments made at Ganhati was 1 to 3,260 
by weight in April, inci easing to 1 (o 1,500 in July and is probably greater when the river 
18 111 full flooil , m the Padma at Goalundo, the proportion by weight was 1 to 446 in 
Augnst 1909. The sand here is very fine, practically all passing through a sieve with 
90 threads to the inch 

14 From the foregoing description of the physical obaraclertstios of these nvers, 
It will be Seen that the Brahmaputra and Ganges are large rivers having a small fall as 
they enter the delta which is naturally further reduced in their progress to the sea. They 
carry a heav} charge of fine silt *aud flowing throngh flat plains of easily erodible 
alluvial deposits ot thoir own making, their courses are naturally subject to great 
alteration In the oonrse of ages, the Ganges must have wandered over wide tracts 
seeking the sea and raising its delta gradually. The mam stream must thus have 
occupied various positions in the coarse of time and, as suggested by Mr. La Touche, the 
elevated area of old red clay alluvium of the Madhupnr jungle near Daqca may have been 
at one period the delta face of the Ganges 

15. The available evidence as regards the early courses of the Ganges must be 
admitted to be generally indefinite and scanty Bat,^adging by the condition of the 
delta which has on both Its eastern and western ipargins, comparatively well raised and 
settled land with a depressed marshy region m the middle [Faridpur, Jessore districts], 


* The MiMuaippt in (loodla MtiDiated to oariy a proportioa o< tilt If weght ot 1 to l,o00 tha Ircmiraildj 1 to 
tbe Nile 1 to 670 and the ladas 1 to 2S7 
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^t|i «e«ti&u«tio& o( which aeaward, lies that deep hollow at the head of the Bay of 
Bdogftl, known as the Swatch of No Qronnd, It seems improbable that a heavily silt 
laden main stream has ever debouched, or if ever, for auy considerable period, through 
the middle of the delta. 

16. So far ai can be ascertained from early traditions, the existence of old beds, and 
towns with old histories on the banks of the river, the mam GangM stream from the 
dawn of history in Bengal (which, however, must not be taken to be of very ancient 
date), flowed south down the cour'e of the present Bhagirathi to about the vioimty of 
Tribeni, a name signifying the junction of three streams This waa the most natural and 
direct course to the sea. At Tnbeui* the Baraswali branched off south-westward, 
entering the present Hooghly at Sankrail and then according to Sherwill and Fergnsson, 
flowed through Garden Reach and Tolly's Nullah (known as the Adi, or original Gangs) 
and past Baruipur into the Sattaramukhi and Channel Creek (or Bun Ganga) to Ganga 
Sugar. According to Sherwill, lu 1H57 a former branch of the Saraswati could be traced 
from Chanditolla past Anita into the Damodar and Bapnarayan and so through th« 
lower Hooghly to the sea t The Jabuna branch of the old Ganges ran eoutb-ea-itward 
from Tribeni somewhat along its present course The intermediate portions of the 
Hooghly from Tribeni to Tolly's Nullah and from Sankrail to Fulta (the latter according 
to Sherwill known as the Kata (or cut) Ganga, were probably at first smaller streams 
wbioh enlarged later on as the mam branches began to decay 

17. An alternative and more probable suggestion id that at Tribeni tlie Ganges 
divided into three streams (1) the Saraswati flowing south-westward past Satgaon and 
emerging into the present Hooghly at Sankrail, with a mam branch running past 
Amta into the Damodar and piobably also the Bapnarayan and so into lower Hooghly, 
(2) the Jabuna following the direction south-eastward along the route of the decayed 
stream of that name, (.^) a middle branch, which was the Bhagiratbi proper, flowing 
south along the present Hooghly chanml to Calcutta and then through Tolly's Nullah 
(the Adi Ganga) to the sea, before reaching which it split up into a number of branches, 
one rnnuing into the lower Hooghly at Diamond Harbour 

IK In the Bengali poem 'Chandii’ written by Kabikankan m A D 1577, Chand 
Sodagar's voyage to Smghal along the Bhagirathi, the present Hooghly, can be clearly 
traced by the mention of vanoiis e'cistmg Tillages, such as Tribeni, Khardah, Konnagar, 
Kntrang, Kalighat (now on the Adi Ganga) B^uipur and Magra 

19 Thu Bhagirathi before that time is pr^niined to have run independently of the 
Saraswati, but a connection was at someperio<l established by an artificial cut through 
Garden Reach and the river appropriated and enlarged the channel, till it became the 
mam stream, as a consequence of which both Tolly’s Nuliafi and the upper Saraswati 
decayed The term Kata (or cut) Ganga, as gnen by Sherwill to the Hooghly bel^ 
Sankrail, appears to be a misnomer <m 1 really refers to that portion between Tolly’s 
Nullah and Sankrail which is supposed to have been cut through. The tradition of this 
cut having taken place is stiir extant in some (juarters and is supported by the fact that 
the Hooghly water m Garden Reach is not regarded as the traditionally sacred wat-^r of* 
the Ganges 

20. The present peculiar configuration of the Hooghly which widens considerably 
just below Sankrail at the old Saraswati entrance, affords additional confirmation The 
left bank here is concave and thus soggests a deep w'ater channel having at some time 
run along it, which can be most naturally explained by its having been the continuation 
of the Saraswati channel from Sankrail, now maintained by the flood tide current. The 
present deep channel along the right bank is a continuation of the Hooghly channel which 
would have cut across the other at right angles, and they merge at the end of the reach 
in a deep hole where the cross sectional area is abnormal, being much greater (as will 
be seen on plate No, 14) than m any part between Calcutta and Fulta, m spite of the 
natural tendency of the river to enlarge in the lower reaches 

21. The mam Bhagirathi cbarmel of the Gangesi gradually deteriorated and 
presumably the branches which must have run to the eastward into the delta improved 
correspondingly, until it is surmised that about the beginning of the 16th cental y, the 
main stream definitely took a south-easterly direction It then probably followed the 
course defined by Rennell and Sherwill past Rampur Boaha through the Chalan Jhit, 
Dhaieswari and Bun Ganga rivers past Dacca into the Meghna In course of time the 
Ganges opened out other channels to the south until it reached its present course and 
in Rennell's time, before the Brahmaputra joined it, flowed through the Analkhan river 
and its branches to the eastward, to the sea. Later, after the Brahmaputra joipod it at 
Gofilundb, the combined rivers broke eastward through a cross connecting stream shown 
by Bennell south of Rajaban, mto the Meghua at Chandpur. There is evidence to show 
that this had occurred by 1794, but in 1840 according to James Taylor m his Topography 
of the Dacca district, the channel was 3 to 4 miles wide and had a very strong current 
which rendered navigation by small boats dangerous during the rains. 

22. It is known that Gaur on the Upper Bhagirathi and Ganges near Malda, waa 
the capital of Bengal from the 7th centnry, except for periods when for military or other 
reasons, the capital was transferred to other towns. V7hen Gaur was temporanly 

*PliDT, 116 ▲ D 4 Ptolemr, 140 4 C meatioo Tcibeai Am&n A D 161 r«fwt to EtUdup* or Katwa 
(etMrwill) 

f B«mn oIm nftn to this eourse The Booshly ohsanel below Hooghly Point gives the eppeereoos of beli g 
teslly s eontinution of. tVe Uopasrsysa sad was proDsbly sctoslly forised st s very early age by tbe main branob of thie 
OsBM whkh h prsigiMd at mm tinw to bsVe flowed past Taaluk The Hoogbly above Hooghly Point woaid probably 
tb«a aava basa aitber a nnallat braaoh or a iribatary 
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abandoned at the end of the ] 2th contiiry, the capit&l was moved to Nadia, which was 
lower down presoroubly on the mam 6tre<im. 

23 Satgaon situated on i he barasttdU, was the ancient loyal port of Bengal bnt 
when the earliest I'oitiigueHo adventureis came to India m 1518 and IS.K), they landed 
at Chittagong, showing apparently that the mam approach to the capital was from the 
eastern Hide of the delta, and this is partly confirmed by De Barros, who stated in 1540 
**Hatgaw (Batgaun) IS a great and noble city though less frequented than Chittagong on 
account of the port not being so convenient for the entrance and departure oi ships.** 
Gaur was temporarily abandoned for Taiida closer to the Ganges lu 1564 and later fell 
into decay. In 1604 Dacca became the capital. 

24 Batgrfon on the SaiuBwati WHS a flourishing city in the 6rst quarter of the 16th 
oentuiy when the Portuguese visrtcd it, but the river had been gradually decaying and in 
15b5, according to Caesar Frederick, large ships did not go beyond 1 alor (Bibpur) “because 
that upwards the river is verj shallow au<l liltle water, the small ships go to Satgaw and 
Ihere lade *’ Fiom this, it would appei r that even then the lower portion of the Saraswati 
bad decayed and the approach to Bat^aon was aloi g the Bhagirathi to Tnbeni and 
then down the Saraswati about 4, miles The Portuguese established the Settlement 
of Hughli about 1575 on the present Hooghly channel and owing te its more easily 
acoessib'e position, tlie town »-oon lncrea^ed in imporlance at the expense of Satgaon 
and finally, atler its captuie by the Moghul forces from the Portuguese in 1632, it 
was adopted as the royal poit and Batgaon fell into decay Calcutta was founded at 
Sutanuti in lOlK). 

25. From these fads,—the deterioiated condition of the Saraswati at the beginning 
of the 16lh century and the absence of any traceable allusion it that date to any former 
large branches of the Ganges other than the modern Hooghly channel on this side,—the 
assumption Keems to be justifiable that the mam change of the Ganges course to the 
south'east, which had probably been some time in course of formation, was definitely 
effected by the end of the 15th century 

26. Alter the great change in i he course of the Brahmaputra channel during the 
latter halt of the IKlh century when it entered the Ganges at Jafiarganj near Goalundo, the 
latter liver endeavoured to avoid the conflict by forcing a new passage to the sea through 
the middle of the delU As Forgnsson points out, the Gangi'S was fordable at several 
places above the junction with the Brahmaputra m 1838 It was also fordable m 1857 
according to Sberwill The Gurai river which offered the most convenient passage, 
inci eased in width at its oil take, from 600 feet in 1838 to 1,208 feet in 1863 and the lower 
reachi 8 of the Madhumati opened out considerably Bherwill and Feignsson in 1857 and 
1863 anticipated, li the process continued, that the groat outlets of the Ganges to the Bea 
would be through the Garai, TIppei Kumar and ( handana rivers The Ganges between 
Kushtia and Goalundo could then be expected to silt up and become a huge jhil Those 
anticipations were, hi*wever, never realised , the combined Gauges and Brahmaputra 
having apparently failed to make the Ariaikhan, or the contiguous eastern branch, the 

*mam outlet, lias, since Uenueirs time, broken into the Meghna south of Rajahari and this 
became anil lemnins the mam channel of the Padma 
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27 In Ills note Appendix 1, Mr. LaTouche put forward the very reasonable sngges^ 
tion that the Brahmaputra originally may have been a much smaller stream than at 
preseut. One of its mam tributaries, the Dihong, in the course of ages gradually out back 
into its Valley until It beheailed the Tean Po,* winch Buirard and Hayden both believe 
formeily flowed westward, and either issued through the northern Himalayas, or lost 
Itself m the deserts of Tibet With this great accession to its supply, the Brahmaputra 
became one of the greati st rivers m the world, carrying down large quantities of silt and 
commenced delta-building activities on a large scale A great deal of work had, 
however, to be done in raising the Assam valley, and as this is being accoxnphshmdt the 
influence of the river on the lower portion of the Gangetic delta will become increasingly 
felt In this way Mr La Touche at counts for the comparatively less advanced condition 
of the eastern margin of the deUa, taking into consideration at the same time the 
probability that ar some remote period this region was covered by the sea and consequent¬ 
ly generally lower than the westein portion of the delta 

28 About the time of the irrujition of the Tisia into it above Dewanganj in 1787, 
the Brahmaputra deserted its old south-easterly Mymensmgh course into the Meghna, 
to which Fergusson believed It to have been diverted bv the elevation of the Madhupur 
jungle, and forced a passage south thiough the Jenai and Konai into the Ganges at 
Jaflarganj.t This change carried it from the eastern lo the western side of the Madhu¬ 
pur Jungle, and probably took place gradually between 17.50 and 1830. 


* Dr Sven Tiedin in Ins “ fiaiiR *'po<nt-out tli.t » Rimiiar proce^Ri« sotaally l«kiag place at tbebeadof 

the Kah Oandak whirl) n> vrrj gnidtnlU (iitliii|r i'ut into the 7nan Po throoicii the Kure Lu Be believes that a 
connerttnn will nulurullj he entHbliHhid in lh< cuiir»e of Rumr thonsamis of ytai^ but thatevvn dow an artiflcia] connec¬ 
tion could be cm without much difiiciilly and th>b would b-iiig down tbnnigh Bihar a great accession to the water of the 
Oanges at the cost howivei of n dnnniidud siipplv to the Rium iniitru 

T Bcnnell in 1772 ^Ikiwr tlu itruii SH h smiH distributary brauchtng off the mair channel at Jamalpiir and the 
Ronai as a >rry minor sptll ntrcaiu, Uh> imugiiilK uit to name, taking off rha Brahmaputra just above Dewangr-ij 
Buchanan Uamlitoii ab) it ItllO remarked that the Knnai thnatentd to earn away Dewangunj and )>rrhap.> force ita 
waj into the be irt of Nutiuro showing that the n< w chaniiil uuvt have been then actively developing The Jenai 
waa aiso increasing and may, SH Fergussoii (iiggeHiB, huy^ betn otirning out for pome >rars prevyoua to Kennell’s snrvey 
though there arc uo charts to ruuflrm this view In Wilcox ana Ommanej’s survey 1880 to 1885, the Jeuai has ^own 
into a big stream and the Konni IS an c\en larger nver taking off westward at the mouth of the old Konai auu tbea 
passing southward, loinhig the Jcuai m biirswban to form the Jamuna flowing into the Qanges st Jaffsrganj The old 
main channel of 1 )k Brahmaputra b id deteriorated very cuusiderably and in tbe Beveune Surrey, 1862 to 1867, it bad silted 
ttji the Jeoai by that time had also deienorated and the main flow was down tbe ^nai which had moved bodily to tha 
westward \ 
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29. The Tiata m KenaeU’a time, about 1776, ran down from the Sikkim Himalayas 
past Jalpaigari and flowing south, commingled with the Caratoa and Atrai rivers and 
passed mto'^the (langes near Ooalundo One^branch, the Puranbhiba, joined the 
Hahananda near the latter's confluence with the Oau'^es In J7rt7, not long before the 
diversion of the Brahmaputra, the Tista, which in its upp^ reaches is practically a 
mountain torrent, made a complete avulsion during an unusual flood and leaving Jalpaiguri 
to the west, flowed sonth-east in its pre-wnt upper coarse, into the Bruhmiputra Probably 
this was, as Fergusson suggested, along an old bed of th^ nvor since RiniieU shows a 

Tista Creek ” passing south of Ulipur^above the position of its present jnnctiou with the 
Brahmaputra and a series of pools along this coarse The mouth of th > river lias woiked 
downstream consi lerably since tba^ time. 

30. There have been considerable changes in the Nadia group uf rivers and probably 
only the Bhagirathi has remained iairiy conslaut in its present direction The Kumar 
formerly occupied a position something like that ol the upper Matabh.mga at present, and 
then flowing in a east-south-easterly course, emerged into the old Gauges near Madaiipiir. 
It has since been cut acioss by the Madliumati and .ilso the Uhaiidaua,* an oKsboot from 
the Ganges at Kushtia, with the result that ii has decayed uvci a greit par of its course 
The Bhairab, which in very early times was unio ibtedly a m ist important river, ran from 
below the Bhagirathi olTlake soulh-eastwaid past Jussore and Khulna into the Madhumati 
and Harmghata estuary. About .100 or 400 yeais ago the Jalaugi opened out across its 
course, taking the drainage south-west into ihe Hooghly, and lower down the Malabhanga 
cut across it, also running south-westwards The upper Hhuirab opened agan m 1S74 
into the Jalangi, and recently the JaUngi otUake from the Gatig6>s has practically closed, 
but the intormedmte section oL the Bhaiiab has died and the lower bection decayed In 
its lowest portion below Jessorc, it now taps a large volume of the Kiuuai and Garai spill, 
but recently the south-easterly direction of the flow from Khulna to the Madhumati, has 
been changed and th • Bhairab now lakes the Atharabauka water Itum th.> Madhumati 
8oalh-wc^tward into the Kupsa atnl so through the Bussur into the Mariata e>tuary 

31. The Ichliamati was pi()bubl> a branch of the old Hh uiab, f1 iwiug nearly south 
Siuco the MathabUauga opened up the ('harm distnbuiary to the Kouth-west into the 
Hooghly, the Ichhamati has deloriorated The Jabuua elfliieiit, the relic of the old 
Jabuna branch of the Ganges, given ofl tiom the left hank of tli* Hnoghl}' near Hansberia, 
which met the Ichhamati lower down, has closed in its uppei course The Jalangi and 
Matabhauga Ohurni are comparatively new rivers, t »o modern (’’nuiui having opened out 
since Heiinell's time at the end of the 18th century f They earned the spill Irom the Ganges 
in this region south-westward into the Hooghly instead of south-east into the Bi>, as was 
the trend lormei)^. 

32 According to Sir Wiliam Huutor's int'^rpretation of Vandeu Broucke's map of 
Bengal date I IbbO, one branch oL the Damodar continued an easterly course at Burdwan 
into the Hooghly near Kalna lu the Bengali volume “Monshar Bhasan” by Kharna- 
nanda Bass about 1640, the passage ot the corpse of the hero from H.irdwiii, can be traced 
along this channel ot the Damodar by' the names ol various villages it passes into tha, 
Hooghly on it^ joiiiney to Mugra Later the Damodar lelr this channel, continuing 
southwaids balow Burdwan and a main branch, after trending south-east, made a wide 
sweep to near (4opaliiagar and then flowed m a uorth-easterl v direction to enter thii 
Hooghly at Noaserai, 12 miles south ol Kulua. This hianch appaiently had no protracted 
life Borne time in the mid<lle of the 18th century, according to lieniiell, who shows this 
ch uinel as an old bed in 1776, the Damodar deserted this course and the mam stream 
followed its pies^nt direction southward into the Hooghly .it Falta It is at yresent being 
with difficulty restrained from reverting.to its I7th cent iry couisc Liam Burdwan into 
the Hooghly at Kalna. 

33. Omitting the Kosi and Mahananda regarding which theie are no available 
indications ot the probable period during which the changes of th oi conflu^nc'^s with the 
Ganges took plau%^ th-i mam leceut changes in diiection of drainage over the whole delta 
may be summansetl (hronologically as follows — 

$4 Probably some time in the l.5th century, th<' mam branch of the Ganges was 
gradually diverted from a southerly' course debouching uilo the western side of the delta, 
to a south-easterly direction into the Padma, flowing into the Meghiia on th^ eastern side 
ot the delta tiie end of the I7th century, the Damud.tr must have altered its 

easterly cour e to Kalna, to its peculiar course entering l!te Heoghly at Noas3rai 
Probably more or less at the sama tim**, the J tlaugi op oi id flowing so ith-w ‘St. into th ) 
Hooghly and cutting across the Bhairab flowing south-east. In the mi ldi4 of the 
eighte‘*fith century, the Damo lar again changed its mam fiir‘Cfton, now flowinjf south 
In 1787 tae Tista was diverto I from a southerly course into the Ganges n Mr GoalundiT to 
a 8 iuth-easferly course into the Brahmaputra A few y Mrs latei, the Maiabhanga-Ch irni 
opene i south-westward into the Hooghly and the streims m this region flowing south¬ 
eastward began to decay. From the middle of the IHth century the mam stream of the 
Brahmaputra made a gradual change, flowing siuih into th^ G iiigei at Goaluuio mstead 
of south-east into the Meghna. 

* BenaeU ref<» to the CbftndAQa as bhe deepest «od largest VC tbe upper rfittnb or clic Q-itigea Itliiesinca 

ooinpletely dogeneroUsd 

T Bennell t>bows the rhumi as a small bi anch ol tbe Lchhamali entering the prennut Channel abont h.\ tnubata u> a 
due westerlv oouree ii 

t The kosi acoordintt to VergUHSOU, wbc quotes (mm Buchanan HsiniUan, origtnAll> combniod n itb the Mab laamH 
mad flowed through the Rarsl-Atrai nvers into the BrahmapntrA Bennell rocorded about 177b tlial the Kooi at no 
dletaut date flowed past Purneeh and joined tbs Qangas 4 1 miles below ite present mouth. 
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35. There is another change in direoUon of drainage which has not been mentinned 
by Major Hirst. As already stated, the old iCnmar rlyer contmned its eoone to eastward 
of Faridpnr flowing east*eoath-ca8t. I|p was first intersected by the Chandana flowing 
south-east and quite recently in the early part of the 19th centniy, the Oarai-Madhomatt 
began to open out and tak^ the spill in this region more freely aonth-east and soathward. 
The Oarai, as stated by Fergaseon, was previously only a small local drainage cdiannel: 
when a greater volame of water from the Ganges was forced into it, the channel oonld 
not accommodate the supply and serious floods in the Mnhammadpnr region mid^way 
beUveen Jessore and Faridpnr resulted seasonally at the end of the 18th century, until 
the river developed into a proper distributary Since Renneirs time the Kaliganga 
branch i>Fthe Oarai at Koshtia has opened out; a new eastern distributary was tluown. 
on Mouth-eaitward from Khokaa and this gave off a southern branch, the Hanu running 
into tl.e old Kumar at Dareapur A new western branch has also been given off from the 
Garai, ranning into the Nabaganga at Ramnagar above Magnra. The Alangkhali khal 
above Muhammadpur opened ont between 1820 and 1810 and is now the main Madhnmati 
Channel and this has opened out a new channel, the Atharabanka, which Fergnsson 
lefers to as the Chitra, flowing south*west ward into the Bhairab at Khulna. In its lower 
reaches the Bhairab also, as has already been seen, instead of flowing south-ea'^t from 
Khulna into the Madbumati has at one point, at Alaipnr just below Khulna, been aotuslly 
reversed in direction the Bhairab here is now dominated by the Atharabanka and flows 
south-w'estward into the Knpsa. 

.16. These changes in the courses of rivers in the deltaic area require explanation. 
Major Hirst considers that the tectonic phenomena referred to in his report have been 
the main determining factor , the existence of these tectonic phenomena has, however, 
been refuted by Messrs Hayden and Pascoe and it seems, considering the conditions, the 
physical characteristics of the rivers, and of the country traversed by them, that the 
alterations in courses woubl And a simpler, more reasonable and quite satisfactory ev> 
planation in the ordinary well known processes of nvel’me and deitaic development. 
Fergnsson endeavoured to prove that during one phase of the development of the mam 
valley, the confluences of tributary rivers tend gradually to work upstream until their 
direct ons assume pOdiuoDS nearly at right angles to the parent stream. He Las traced 
the probable old courses ot such riverS as the Mahananda, Kosi, Gandak, Sone and Gogra 
im<l the great changes which have taken place successively in the lower courses of these 
streams are shown on map No 1 Whether Fergusson^s theory of causes be accepted or 
not, the uniformity of the clianges, which in all cases show a movement of the mouth ot 
the tributary, upstream, indicate that the influencing causes must have been puiely natural 
and not connected with tectonic phenomena. 

37 The mam stream of the Ganges having in the course of ages raised the land 
surface ou the extreme western side of the <lelta may by this very process have been 
naturally diverted gradually into the comparatively less developed regions to the eastward. 
It may have been further mflnenced in this direction by the change of course of the 
^Obi, which gradually earned that rivt^r westward until it discharged into the Gauges above 
Rajuihiial 

,38 The Damodar and the Tista are torrential streams with heavy charges of silt 
and liable to floods of great seventy but short duration. The channels of streams of this 
description are naturally unstable where they enter the level plains ^nd commence to 
spill. Under these ciroumstauces, avulttions sneh as have occurred ou these rivt-ra might 
be naturally expected in the course of time without any assistance from tectonic forces 

39 As regards the Brahmaputra, it will be seen from the map that the old course 
past Mymensingb, described practically a semi-circle round the Garo hills spur. The 
present course flowing due south from Dhubn, at the head of the delta where the fall is 
Rtill fairly considerable, is for a large deltaic river a more direct and natural coarse, which 
had probably been follow'ed and raised in past ages When the Brahmaputra was rein* 
forced at the end of the 18th centur' by the Tista entering opposite the face of the Garo 
hills, it IS quite conceivable that it should be definitely deflected to the westward and 
naturally begin to open out this course again along the channel afforded by the Jeuai 
river 

40 The changes in the Nadia and Jessore rivers do not seem in any way incousist* 
ent with the natural conditions of the delta, particularly when mfluenoed by artificial 
Causes induced by the spread of human habitation. It has been seen how, after the 
Brahmaputra poured its waters down its new course, spill offtakes such as the Garai and 
Chandana above the confluence responded in a perfectly natural manner and a new 
channel'from the Madhumati, the Atharabanka, was opened in a aonth*weBterly direction 
away from the supposed line of subsidence, though situated quite close to it 

It may be reuiarked that in onler to correspond with the direction of flow of the main 
rivers, Major Hirst's hue of subsidence would need to be curved at the lower end to follow 
the Padda course into the Meghna, and even then there would be streams aotually on the 
line, which flow m the wrong direction, eno'i as the Nayabhangani, flowing soutL 
westward from the Meghna into the Analkhan 

41 The rivers flow through a region of very fiat, loose, allnvial soil and even 
trifling obstructione have at times a oousiderable effect on their directions. Artificial causes, 
such as the erection of embankments, clearing of forests and extension of cultivation 
would tend to control, or alter the tendency of drainage and this has ti^some extent been 
accountable for the decay of rivers in the Jessore district. The opening of the Mata- 
bbanga which might have been infinenced by conditions m the Ganges below Its offtitice. 
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aboaitlia time the Brahmspntra was changing ite coorse*, was maintained to aome extent 
artifloiaUy by the action of the Superintendent of the Kadia riven, and others, early in the 
X^th oentnry, when they endeavoured to close the Komar and other ofitehoots. It is now 
again diecharging ite spill supply more freely to the south-eastward through the Kumar 
and Ichhamati rivers, the heads of the remaining outlets having in the meanwhile com¬ 
pletely silted up. It might be remarked that this is at a time when the Damodar is 
endeavouring to force its way again to Kalna and these two tendencies are inconsistent 
with the existence of any depression at Nadia. 

42. Spill rivers flowing through low marshy regions naturally tend to form high 
banks, or bund themselves in along their courses. In course of time if the silt charges 
in tbcm are maintained, it 18 obvious the conditions would become unnatural and during 
heavy floods the tendency would be for the drainage to leave these channels and flow 
more freely into newer routes through the low lying adjacent districts. 

43. In connection with the variability of the discharge of spill rivers, one point has 
apparently been overlooked, except for such lecogiatiou of it as is implied in the fact iht^t 
offtakes situated in a concave bend or pool ot the mam nver are naturally more favour¬ 
ably placed as regards dischaige than when situated on the convex bank. This point, 
which seems to have an important bearing on the matter, is the effect of the continually 
varying slope of the Ganges on its spill offtakes As already mentioned, the Ganges sPpe 
18 not uniform. It varies not only in different sections ot the river at the same time, bat 
even at the same place it must be in a state of continual change, m correspondence with 
the alterations of the river above and below it It is, therefore, natural to suppose that 
under abnormal conditions (such as exist at Sara), an offtake at a point where the slope 
of the mam river is much reduceii would receive a greater supply than usual As the 
conditions altered and the slope increased, the mam nver would carry a gieatei portion 
of its discharge past the entrance of the spill ri\er and the supply through the offtake 
would be diminished This would account to some evtent for the periods of good and bad 
years of the spill rivers There seems to be no question that the Gauges has straightened 
Its channel from Rajmahal to the Meghna considerably since Reunell’s time aud the 
process IB apparently still active This naturally tends to mcieaso the slope Of the main 
river and would be generally detrimental to its distributaries 

44 The major tectonic iorcea which have undoubtedly operated through ages in the 
gradual sabsideuce ot the delta, may still be active, i>ut this action would obviously be 
too slow and gradual to be taken into account in considering iheir inflnence on the 
drainage of the delta, though this might conceivably be effected m places, as the result of 
Violent superlicial tremors, or earthquake shocks There thus seems to be no necessity to 
seek an explanation for alterations of the iivers in any but ordinary natural causes and us 
such, susceptible to a certain degree to human contiol. 

45 This result of an examination of the geological features of Iffajor Hirst's report 
does not m any way detract from the importance of the issues involved, nor does it 
diminish the necessity for a close examination of the problem Though disagreement 
with Major Hirst as to the causes may be tun lamental. the effects which he has attributed 
to these causes may ^till be as serious aud real as he has presumed them to be They thus 
require the most careful consideration as the importance of their possible influence on the 
future of the Port of Calcutta cannot be over emphasised 


CHAPTER II. 

Oavelopment of the Delta and of the Nadia Rivers. 


Major Hirst classifies the rivers of the delta m three mam types .— 

(t) Those in the upper part comprising the tributaries ot the Ganges flowing down 
into it from the base of the Himalayas these he regards as top dressing rivers engaged m 
raising the land on the flat plinth on which he presumes Bengal to have been built 

(tt) “Plinth** rivers flowing through the lower, or practically flat portion of the 
delta proper, with building functions which extend the delta face This action being 
depei^dent on tidal foroea, there occurs in this area a predominance of north and south 
streams and a gradual extinction of east and west channels The north and south rivers, 
thouglxmore tenacious of life, are dependent on the force of fresh spill water, axrd if this 
becomes insufficient to combat tidal action and so interferes with the delta building 
functions, the rivers are likely to die. 

(hi) Land denuding rivers the type of the western tributaries of the Bhagirathi 
. 2. It IB difficult to understand the distinction made by Major Hirst between Classes 

(i) and (h)« types denude the high land; m the one case the Himalayas and m 

the other, the high ground of Chhota Nagpur and neighbouring districts to the west, 
and both are engaged in top dressing, or delta building operations in their lowei reaches, 
as shown markedly in class (4tt) by the Damodar. Othei rivers of this type such as 
the Dwarka and Ajai are raising their spill areas, or deltas, appreciably.. In other 
words both those ^pes simply fulfil the ordinary functions of a river 

* Tbi Mfttobhsnn opeo every year from 1809 to 1818 and was more eaaily navigable than either tlie 

Bbagkatki or JalaDgi 
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3. Between the plinth rivers and those engaged In top dressing operations) Major 
Hirst places b ** debatable ** type of nver comprising the spill channels of the Gaiij^ 
from the Bhagirathi bead to Goalondo. Owing to the transverde coarse of the Ganges, 
he oonsiders that these streams are cut ofT from heavy spill and oonseqnently areinoap- 
able of top dressing tbe phnth to the south this, he argues, is proved by the fact that 
the delta face in tins portion shows no mgnH of progressive extension The whole area 
of Murshidabad, Kadia and Jessore between the Bhagirathi-Hooghly and Madhumati has 
in this manner become decadent anil is likely to remain so, until the Ganges adopts a 
more favourable course, and in this are.i the most diillcult problems of drainage, etc., 
occur. The Bhagirathi, Jalatigi ami Matahhanga are cousequeutlv more or less debatable 
rivers and though the iihagirathi is capable ot raisiTig portions ot Murshidabad to its east, 
this action is loiistrained bj embankments The Hooghly which is formed by the 
debatable Nadia livers and the land ilonuding tributaries from the west, flowing into the 
lower section which is a “pliiilh” nver oi the north and south type, is consequently 
presumed to present an nnuHualU complex regimen. 

4 Tho whole argument liere appears to rest on the apparent discontinuance ot delta 
building operations on tlie western Jace of the delta The process uniler ordinary condi* 
lions 18 an e\lreiuelv gradual one and ver> carol ul and accurate series of suiveys ot the 
sea face with the siumdingH to the 20*fathom line would be requited to detect any notice¬ 
able dilleiencosm the short penoil of half a teuLurj or so, m which we have more or less 
reliable recoids 

5 Mr B M Samuelson in his “note on the Irrawaddy river ” published in 1915, 
has collected intormation on this subject with lefeiencc to various rivers, and m the dbse 
of the Nile where the evidence is obtainable by the depth ot sill deposit on ancient 
temples and cities over a period of eentuiies, he sajs “ llewson stales that the delta of the 
Nile which was not embanked has only extended seaward two miles since the time ot 
Herodotus and has now cf'ased altogethei During tlie Christian eiu while the matter 
deposited by the overflow ol the Nile has laised the surlace oL Egypt by 4 rushes per 
centurj', the bed of the liver has also beoii raised at the same late at Daiuietta where 
the elevation Irom tlie oveitlow is imperceptible the elevation of the rivor bed .md bank 
is imperceptible At Cairo, 120 miles lium the mouth wheie the flood level is 25 feet 
above low watei mark, the elevation oi the land is, siiiie the Christian era, 5 teet 10 
inches. At Thebes, 500 miles trom the mouth, wheie the flood level is 36 teet above the 
low water line, the land and nver bed have been elevated 7 feet, while at tho first 
cataract 100 miles higher upstream, the levels of the bed and banks have been raised 
during the same period as much as 9 feet The Nile is now enclosed by embankments 
from Assuan to the Sea.** The d< Ita of the Mississippi extended into the Gulf of Mexico, 
a distance of 2 miles trom 1724 to 1H24, at an averai»e rate of 96 feet a year Since the 
extension of umbankiiients, the late ot piogre^s is said to be now .100 feet pei annum at 
the South-West Pass, 2ti0 feet at the Pass a I’Outreaud 100 feet at the South Pass Since 
|.he Christian era the extension of the delta of the Po and Adige into the Adriatic has 
been 20miles. Befoie embanking was commenced, the rate was 22 feet a year While 
the embankments were being extended, lietwe ii the J.Hli and 17th centuries, the rate was 
82 feet per annum and since the emliankments were completed, the average extension 
lor 200 years has been 210 feet aiinuiilly 

6. BelorA the regulation of Hit' channels oE the Danube, the delta advanced 
200 to 3iK) teet per annum at tin Kiha mouth and 94 feet per auuum at the 
Sulina niouth. The regulation of the mouth ot the Rhone caused an increase in 
the rate of progression ot the bar seawatd liom 76 to 290 feet per annum and this 
led to tbe abandonment of the regulation works The extension ol the Volga delta 
into the Caspian Sea ut (he lati of 1,270 feet poi annum is the greatest on record 
The^'Indus** which is largely umhauked extended its delta 13.3 feet annually bet ween 
1873 and 1904. 

7 For the Irrawaddj, which is not embanked, Mr Samuelson gives a rate oi 
extension of the tluee and hve fathoiu-lines at the month, of 3i to 4 miles in a 
century of the 10 and 15 fathom-hues, I and 1! miles and of the 20 fathom-line, 3 
miles in a century. In the Gulf of Martahau to the eastward, off the ports of Rangoon 
and Moulmein, where the major portion of the deposit is presumably earned by the tidal 
currents and storms, he gives rates luci easing from 5 miles for the 5 fathom contour to 
35 miles in a century (or the 20-fathoiu contour. This would indicate a serious state of 
affairs fot the futures of those poits but theie is a probability of error m the surveys 

8 It IS evident, therefore, that the late of extension of the delta of any great nvCr 
with a free spill is very small and though Ihn* depends on the silt charge, it is influenced 
to a gr«ai extent by the tidal and otlu r conditions obtaining off its mouths Where 
tbe sea into which the rivei issues is shaliow, the rate will naturally be considerable and 
particularly so, if there are no tidal cuirents disjiersiDg the alluvium on its disoborge. 
This 18 the case with Ibe delta of the Volga In the cases of the Nile, Po, Danube, 
Rhone and Mississippi, the tidal rise is either non-existent or very small. Tbe rise of 
tide off the Irrawaddy delta is 7] feet on a spring tide ut Diamond Island and nearly 19 feet 
at Elepbqnt Point at the mouth of tho Rangoon River These conditions tend to diapers.^ 
the discharge of the Irrawaddy eastward over the bead of the Golf of Martaban and there ' 
IB inconse()uence a much slower growth seaward off the actual delta The Irrawaddy 
with an evtreiue maximum discharge of about 2,000,000 ensoos in the flood season, 
with a silt charge of 1 to 1,840 by weight, carries its delta forward about 200 feet a year. 



0. Off the month of the Indue, the tidal range is 91 feet in springs at Manors 
Point, Karachi, and from seaward, a deep hollow, or Swatch of No Ground, rasa in toward SlnSi™ 
the coast. With a discharge ^ar^iiig from 17,000 to l,O(K),000* cnsecs and a silt charge 
of 1 to 237 by weight m the flood season, the rate uf extonsiou ot the delta face is 13d 
feet a year The conditions off the Gangetic delta are somewhat similai to thohe at the 
mouth of the Indus A similar deep gutter or Swatch of No Ground runs up the head Swatch of So 
Ot the Pay of Bengal iii a north-easterly direction parallel to the Orissa Coast Though Bay”o/neiim? *** 
the term would lead one to expect considerable depths in this trough, it is actually deep 
only in comparison witli the shallow regions o'ose on either side. The depth over the 
lower portion of the Bay is about 2,000 fathoms and this gradually shoals upwards in the 
middle of the Bay, till at the bottom of the Swatch the depth rises to GOO-fathoms. Near 
the head of the Swatch, the sides of which gradually coQvurge, the depth is 239 fathoms 
inLat. 21 151 N. and only 5 milos away from 20-fathoius on the western side. The 100 
fathoms line at the apex ot the Swatch m Lut 21'^ 241 N reaches to within 20 miles of 
the Sea face and the depth here rises sharply to 10 fathoms m 4i miles. 

10. The influence of this deep trough on the tides and currents at the head of the 

Bay of Bengal would appear to be fairly obvious Arguing theoretically, the centre of ^ave* 
the tide wave advancing up the Bay should, according to the laws of wave motion, 
travel fastest np the central deep trough Reaching the head ot the Swatch, the tide wave 
would then fan out on either side acioss the face of the delta and after flowing its full 
period, high water would occur earliest where the tide came in, at the apex of the Swatch 
the wave would then recede through the depression m the reverse manner to its approach. 

This theoretical argument appears to be fully confirmed by the observed directions of 

the current at dilLereut points across the head of the Buy It will be seen on Map No 1 

that the <iirection of the first of the flood tide h everywhere always away from the head Trend of river 

of the Bwatcb, while the first of the ebb on the contraiy sets from opposite ends of the 

delta tace towards it. Low and High V/aters must accordingly occur earliest at this ^ * 

position Observations to verify this would need to be taken in the same latitude and in 

deep water as the tide wave is greatly modihed according to local conditions, as it enteis 

shallow water. The set ot the flood and ebb tide from and tnwaids the Swatch is farther PergasAon’s vmw 

confirmed by the directions of the entrance channels of the deltaic rivers which, as will of behaviour of 

be seen on Map 1, in every case without exception trend towards it, even from opposite 

Bides of the delta Fergusson, whose lead in this matter has been generally accepted 

hitherto and lias been followed by Major Hirst, appears to have been misled by taking 

the times of high water, instead of the directions of the current at different points, to show 

the approach ot the wave He consequently argued that two portions ot the tide wave 

advanced up either side of the Bay and meeting in the centre at its head, retired down 

the Swatch. This would presume that the wave travelled quicker in the shaflow water 

of the coast than in the central deep portion of the Bay and if the tidal wave made first 

near the coast, it would likewise ebb first along the shore and would not retire down the 

Swatch 

11. The existence and position of the Swatch which indicates by its character ard indtcfttioui pf 
slopes, a giadual hlling in by deposit from either side appeals to show, as betore stated, Swatch 
that no main branch of the Ganges can ever have debouched tor any length of time through 

the middle of the delta, this hollow may approximate therefore to the ordinal depth of 
the head of the Bay 

12. As the deep water teaches so close to the outlets of the Garai, Kniiiai and Effect of Swatelx 
Ichhamati rivers with a constant strong tidal flow through it, any silt oairied down by 

these riveis mstiead of settling off the mouths of the Haringhata and Kaimaugal estuaries 
would be dispei'sed, or carried away through the Swatch The silt, however, brought 
down to the Sea by the Jessoie rivers cannot be a very considerable quantity. The Qarai, 

Madhuinati (and formerly the Chandaiia) are really active spill rivers and though such 
streams as the Nabagaiiga, (diitra, Bhadra, and Kobaduk have been beheaded at their 
offtakes from the Matabhanga, two other distributaries of the latter, the Kumar and 
Ichhamati, still bring down the greater portion of its supply, but the alluvium from these 
live streams particularly, and the Gaiai to some extent, is deposited on its way in tfie 
innumerable bils and spill channels in the Jessore district, so that the water is discharged 
into the estuaries to a great extent strained of its silt contents Tlie bils are very 
gradually being silted up, the supply through the Garai and Kumar being at present 
Buffioient for all purposes of diauiage, sanitation, etc, and as Mr Addams-Williams has 
pointed out, the river syotems in the Khulna section, Faridpur, eastern halt of Jessore and 
Bakarganj districts, by a proper application of drainage methods and utilizatipii of tidal 
flow, are now being maintametl in an efficient state The extension of the (iriuciples of 
conservation worked out for this portion to the rivers, further west to the 24-ParganaB and 
western portion of the Je6ao’'e district, is expected to efl'ect a similar improvement Mean^ 
while, however, as the rivers are engaged in top dressing operations m Jessore and carry 
little Blit to sea and as the amount so discharged is swept over the Bay, the middle poition 
of the delta cannot advance 

13 On the western side of the delta, the progress is naturally very slow since the 
Ganges mam channel has been diverted and is now masked by active erosion of the land 
face by wave action. The ofanges are shown on Map No I and more m detail ou Map 
No. 6, where the considerable eiosiou of the southern face of 8augor Island reaching a 
maximum of 4 • miles since L770, and a general erosion of the sea face of Saugor Island 
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and Frederic UUnd to the eastward, of 2 miles sinoe 1340, are tinted green and red, 
respectiTely. It might expected if the deka was adyancing, that islands would appear e# 
the mouth of the Hooghly and such are actually in existence on the Cong and Saugor Sands 
to the 8ooth«west and sonth-east of Saugor IsJaod, but these have a considerable straggle 
to maintain tbemselTes against sorfaoe erosion, so that they have no permanent existence. 

14. They appear and disappear as in the case of the Edmonstone Island on Bangor 
Band. This, according to Horsbnrgb, urew in 1817 from a half tide sand bank to an 
island two miles m length and half a mile in br^dth and affording a supply of fresh 
water. It appear<»d so snbstantial that it was adopted as a station where a pilot resided 
m 1820 and in 1825 a proper house was bmlt on it. A cyclone in May 1830 commenced 
to destroy it and it was abandoned as a pilot station in 1831 Another cyclone in May 
1833 divided it into two portions and by 1841 the island had completely disappeared. It 
formed again sabseqnently and a smaller islet appeared farther southward about 1888. 
Both islands increase and dimmish in extent, and are now of moderate sise On the 
Long Sand on the opposite side of the channel, islands with a fair amount of vegetation 
have bprung up and been washed away at intervals. 

15. The ^fathom contours on the tails of the sands may, however, be taken as 
the feelers of the real foundation of the delta For a comparison of these wo have three 
surveys made at intervals of 70 years The earliest, Ritohie^s survey of 1770, cannot be 
regarded as very accurate and has had to be adjusted in most places. The tails of the 
Band^, however, are probably fairly correct in latitudinal position as they were the 
guides across which vessels found their way into the channels in those days. Lloyds' 
survey, the next, in 1837-40 was apparently based on astronomical observations and the 
area was again mappe<l by the Hooghly River survey in 1910*11 on a triangulated basis. 

16 Between 1770 and 1840 the 5-fatbom contour of tho Eastern 8ea Reef on the 
western side of the Ea'.turn O'lannel, travelled down 4 miles at an average r^^e of 
317 feet a year. The Middle Ground between the Eastern Sea Reef and Eastern Brace 
progressed 6i miles and the tail of the Eastern Brace on t)ie western side of the Western 
Channel was washed up 3 miles Between 1840 and 1910, the 5-fatbom contour of the 
Saugor Sand on tho eastern side of the Eastern Channel, extended down 1miles or 
137 feet a year. The growth of the Eastern Sea Reef diminished to 150 feet a year, but 
the Middle Ground maintained its former rate of extension of 960 feet a year and travelled 
down another Gi miles the Easbein Brace remained stationary The upper part of 
the Eastern Channel which had filled in considerably between 1770 and 1840 opened 
out in the following period A patch of the ten fathom contonr below the tail of the 
Saugor Sand, progressed seaward 21 miles between 1840 and 1910 and a slight extension 
of the 20-fathom lino eastward of the Eastern Channel was balanced by a recession on 
the western side 

17 The evidence indicates that the delta forming functions of the Hooghly with 
its feeders and tribntaries, are by no moans inactive at the present time The general 
tendency seems to be a progression on the eastern, or Swatch of No Ground side, at the 
late of about 130 fe* t a year with a considerable local growth at the rate of 960 teet a 
year at the entrance of the Western Channel This has been accompanied by a slight 
general retrogression ot the lO and 20 fathom lines on the western side of the Saudheads 
The decrease m the general advance in the perioil, 1840 to 1910, as compared with the 
earlier period 1770 to 1840, is piobably due to the opening in 1856-59 of the country below 
its right bank, to tho spill ot the Damodar, which has so largely absorbed that river’s delta 
building activiti's and further to a probable decrease m the spill supply of the feeders. 
The exiension of the embaukmeutH on the Hooghly has not counteraefTed these effects, 
as the Hooghl>’8 spill has apparently for a long period been restrained by its high and 
well formed banks with the ordinary zemindari bunds, and the raising of the embank¬ 
ments in the lower reaches was designed simply as protection against storm waves. 
Should the Damodar break into the Hooghly at Kalna as is possible, and measures be 
successful in obtaining a gre.iter ipply through the Nadia rivers, a more rapid exien-^ 
Sion of the delta on this side may bo expected, but the conditions will still be favourable 
for tho maintenance of a good entrance channel to the Hooghly for a considerable 
period. This is particularly noticeable ip comparison with the conditions on the opposite 
side of the Buy. 

18. The most marked advance should under present conditions take place over the 
eastern portion of the delta where the combined main rivers issue into the Sea As will 
be seen on the map, to the eastward the southern face of Sandwip has been washed 
away about 6 miles since Rentiell and Ritchie's survey, but a small islet has formed 
near the southern limit of the former mam island. In the middle, there has been consi¬ 
derable growth and Nalchira island and others m South Hatia have extended down 
sixteen miles and the southern end of Dakhiu Shahabaapur about ten miles since 1764- 
1773. Elsewhere alluvion m one place has l^en balanced by erosion in another. To 
seaward, however, if Lloyds’ survey of 1837-40 and the Admiralty chart of 1877-80 are 
strictly comparable and referred to the same datum value, it will be seen that a great patch. 
45 miles by 15 miles, had been filled up in the 40 years between 1840 and 18^, carrying 
forward the contour oxer the western portion of the 5-fathom bay on the Ohittagong 
coast The 0-fathom line has extended very slightly and there has been no appreciable 
change in the 20 fathom contour. The advance of the 5-fathom line which is in the 
nature of a 'fan* thrown down in the shallower water, now encloses a vast area on the 
eastern side of the Bay and threatens within a hundred years or so, to obliterate the deep 
water on the Chittagong coast, and the advance of the sea face off the month of the 
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j^eghoa should then proceed rapiuly. The nature of the sea bed ofl the western portion 
of the delta is characterised by the deep Hood ohanneJs, ouu or more in number running 
np into each estuary, between wedge shaped sands stretching out into deep watei where 
the 10-futhoin line becomes regular. On the eastern side it will hu seen these 5>fatbom 
channels have been entirely obliterated, leaving remains of J-fathom channels only; the 
5-fathom contour instead of being deeply indented as on the othei side, has spread out like 
a fan, leaving the sea bed uniformly shallow evoept for a deep gutter running up inshore 
along the Chittagong coast This 5-fathom line here is practically as regular us the 10- 
fathom line to the westward The .'iOO-fathom line also fans out much further into 
the 13ay than on the western side This progression of the delta, if actual, is remarkable, 
for even considering the enormous discharge of the combined rivers and the high silt 
contents, it must be remembered, the rivers spill freely and their land buihhng activities 
must be largely absorbed before they leach the sea The advance of the delta in this 
region must in the course of time atlect the direction of the Ganges outlet, as this river is 
weaker than tho Brahmaputra and has at present a very much longer lead to the mouth 

19 Majoi Hirst's debatable m era m the Nadia and Jessoro distiicts may therefore Debaubiem«r» 
be regarded as actually epill streainb in a more or less quiescent state It is not I'ci”uiiotTvelpill 
improbable that they would, if loft to themselves, pass the critical stage when they could Htreams 

be aftected by a change in the Ganges, and would giadually be extmgiiishod, but under 
present conditions and with ordinary care they shoultl last, and may at any time resume 
their .lutivitics in accordance with changes lu tho mam stream In some cases, such as 
the Nadia rivers, the Garai and the Matabhanga oflshoots, they are still capable, as his 
been seen, ot fulfilling their top dressing functions and aro vet tar from having reached 
the stage when tho pobsilulity of tbu rivers degenerating into mere drainage channels 
would have to be seriously considered 

20 It may be remarked here, that m addition to those classified, anothei tjpo of Tidal nvcru 

deltaic river may be iiiclnded, as pointed out by Mr Addams-Williams, and this is the "'rivere 

tidal river which by cariying back the iToded material from tho sea, builds up a plane 

sloping in IroiQ seaward in a contrary direction to the plane of tho spill streams These PunctionB of tidal 

rivers which coinpriso all iho Khulna and ^I-Parganas estuaries, being identical with 

MajOi Hunt's “ plinth " rivers, are a further factor in retanliiig tho extension of the delta 

on the wcbLern side Freijuently tlie samo river when not embanked may combine both 

to]) dioBBing and tidal dressing tuuclions in dilTerent seasons When embanked, tho 

inaterMl from the sea banks in suspension is cained up the channel and should the river 

have no spiihiig ftt/, or fresh head water-supply, to roinlorco the ilownward swing of the 

current, It IS deposited in tho bed and tho river naturally deteriorates, Tho Hooghly HoopUljr a tidal 

being a tidal rivei with imbankod channels for the most part, and therefore, not subject aJ^ndent^onlhT* 

to any tidal spill in its upper reaches, is therefore dependoiit above Fulta, on the mainten- Nudiahead water 

ance of its fresh water-supply which is chiefly derived from the Nadia rivorb 


21 The Nadia rivers, Bhagiiathi, Bhairab-Jalangi and Matabhanga being the first Nadia rivere first 
spill blieaiiiB ol tho Gauges and situated furthest fiom its outlet, might bo expected in the 'I’jab^e'to'natural 
piesent phase of the natuial development of tho delta, to bo tho distributaries primarily dctonoration 
liable to degeneration in the normal course Being almost entirely dependent on the spill 
supply and flowing through country which has been raised and settled for centuries, they 
hikve naturally had precarious lives and have coiiseqneutlj caused anxiety from time to 
to time The country adjacent to the banks of the Ganges must bo appreciably, though 
gratlually, being raised, but, the spill rivers have always found obannels through the bank 
by way of vents, or depressions, probably remains of old courses and consequently the 
flow of water during the flood scasou has always boon suflicieiit to give ample depths in 
the feeders of the Ilooghly In the dry reason, liow'ever, when tho level of tho Ganges 
falls low, the supply from tho main stream under unfavourable conditions might be com¬ 
pletely cut oir, owing to tho entrances drying up. 


2 This in each case depends almost entirely on the dtroclioiis of the mam stream 
iinmediatoly above and on the positions of the ofltakes, which if favourably inclined on tho 
concave bank with tho main, oi a loop channel, passing close alongside, might bo expected 
iu keep open On the other hand if tho intake is incliuod dowiistruam and more so, if the 
mum Ganges channel lies on the oppoHito bank and tho Ganges level is low, tho 
entrance will almost certainly be blocked by sand banks. The flow of any water into the 
feeders may then be entirely sropped and will not be resumed until the Ganges level has 
risen again in tho usual course sufficioutly to overtop the obstruction at tho entrance 
The real; permanent entrances of the Bhagirathi and Bhairab-Jalaiigi are at Gena and 
Aknganj, reepeclively, but according to the position of the mam Ganges channel, prolonga¬ 
tions of the intakes are carried to it through the diara land of the Ganges These pro¬ 
longations aro naturally subject to constant change in position and tho mouths of the foodors 
thereiore shift from time to time over a considerable length of tho mam river channel in 
accoidance with changes in the latter. The variations are exemplified in the case of the Bfaa- 
girathi in Map No. 3. It will be seen that the position ot the eutranco has varied longitu¬ 
dinally from Faracca to Gena, a distance of 25} miles, and diagonally for about 10 miles. 
ThoBhairab entrance has altered similarly, but not to tho same extent, an example being 
the change in 1893 and 1894 when the entrance shifted from below Mancha to above 
Aknganj. 
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23. In the development of all offtakes there appears to be a natural tendency for tho Horement of ipiii 
entrance to progress downstream until it becomes merely a back water. When open fair down- 

to the current, tbe lower part of the entrance, being more exposed, is cut back, the mouth 


6 



40 


widens and depusit takes pJuce extending the upper point In this way, the entrance 
iravelB gratlnallj di>wn, hrst becominp square to the mam river and then inclining down¬ 
stream Ill this position scour is nutuiaily reduced to a minimum and the whole entrance 
gets blocked by deposit The river pusses through a bad phase until a new entrance chan¬ 
nel is developed, either by an old course opening out, or the mam river cutting into the 
spill channel at. another point and tornftiig a new entrance Thi^i happened in the case of 
the Matabhaiiga which acc(»rding to Lang for many years previous to 18o() branched off 
from the Jalangi at llauBiiian In November 18.50, the Ganges tnaiii current cut into a 
bend of the Matabhanga above Jutpara and formed an mdopondent entranoi*, which took a 
great supply and kept the river as tar as the otltake of the Pangasi in better condition 
than either of the other feeders The entrance is again through the old Jalaugi 
mouth It also occurred in the case of the Bhairab where the Ganges channel cut into the 
Kulkuh river. 

Kuml rcfcitnu lo 24 It iH, therefore, not surprising under the circumstaiicea that the entianc's of the 

*****^’ should havi bt*eii subject to periods of good and bad years. The brat mention 

which can he traced of obstruction to iiavig.itioii is a reference as far hack as 6th January 
I66G liy the French traveller, Tavernier, who records m his “Voyage in India • — 

Ta»ernier « Lo 6 ostant arrive a uu gross bourg appelle Uonapur a six costes de-llaje mebalo, 

]*y laissay Monsieur Bernier qni alloit a ('asembazar et da la a Ogouh par tone, pareequu 
quund la riviero est basso, on iie pent passer a cause du grand banc do sable qui osl devant 
uno ville appelle Houtique ” 

It, theiefore, appears that -‘J50 years ago ami piobably somewhat about the same 
time since the main Gauges deseited fhibchaniiol, the Bliagiiathi entrance was]>iacti(allv 
ilry early in the cold weathei In this connection, it will be lemenibeied that less than .50 
years after the change of the Brabm.iputia course, the old (hanuel ol that river had loi 
the greater part coinplctelj silteil up 
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2.5 Ueimel and his asHistaiits were occupied m making survejs in Bengal from 1764 
and in Ins “Account of the Ganges and Brahmaputra,” published in 1781 when the entiance 
of tlie Bhugiratlii was at Buti, as Tavernier tonnd it in 1600, and the ontraiice of the 
Jalaiigi was at Jalangi, he records “ The (Jossimbazar (Bhagiratlii) river is almost <'ry 
from October to May , and the Jellinghy, though a stream runs in it the v\hok* year, is in 
soiiio years uniiavigable during two or thiee months ot the dry st ason , so th.it the only 
subordinate branch of the Ganges that is at all tiiiirs navig.ible is the Chiiudmih nvei 
which separates at Mudda]>ur anil terminates in the H.iriughata river ” 

26 During this tiiin* on his chart attached to the .iccounl, lie shows the .Talangi as 
the only regularly navigable rner ami the Bhagirathi as navigable only in the Hood 
season Captain Colebrooke in 17117, one hundred and twenty yeais .igo, slate<l “The 
Bh.igirathi .ind Jalangi are not navig.ible throughout during the dry season There have 
been msttiiioes of all these rivers continuing ojien in their turn during the diy season 
The Jalangi used formerly to he navig.ilde during the whole or gre.iter p.iit of the jeai 
The Bhagirathi was navigable in the dry season of 1796 The Matablianga when 
surveyeil in 179.5 was navigable throngbout in the dry mason, for boats of moderate 
burden This year (1797), however, 1 was informed that the passage was no longer 
practicable for boats jiroceoding to ( alcutta. Lxpenence has shown tliatnonoofthese 
rivers .iro to be depended on” At that time there wa^ u(* ynpervisiou over the N.ulia 
rivers, apparently no bandalling was done and sn.igs woro not cleared from the channel, 
so that uiidei natur.il conditions the necessary depth ol onlv 1 ' to .1 ft required for 
laden couiitrj boats was not generally obtainable However, there appears from 
Ueiiuell’s btaleinenl usually to h.ivc been some tlowthiough, though it may h.ivo been 
A mere trickle The Mathabhunga appears to have been the best of the throe rivers in 
The early jeais ot the 19thcontuiy and remained open from 1809 to 1818 

27 It will be r ‘uiembered the Captain Colebrooke stated that the Matabhanga w’hen 
surveyed in 179,5 wa^ loiind to be navigable throughout the dry season Bo .ipparenll> 
previouh to that year, it was not recognised as a regular liver route to Calcutta .md 
though Beiuiel shows it us a channel during the flood mouths, he refers to the Bh.igirathi 
ami JuUiiigi and tn.ikes no mention of the Matabhanga in his “ Account ” The connection 
between the opening of the Matahhunga, the gie.'it Hoods in the Muhammadpur region of 
JesHore In tween 179.5 and 1.^01 (the Hood of 1798 being the highest within living memory) 
wliioli )iavo heou attributeil to tlie opening of the Garai, and the breaking through of the 
Brahmaputra into the Ganges at Goalumlo which was taking place about that period, 
cannot be .ivoided Wickes* view as (quoted with ajqiroval by Major Hirst that the 
lufluonce of the Brahmaputra could not be telt as high up as the untrancos of the Nadia 
rivers, appears to oveilook certain facts. His first aigument that the beds of the Ganges 
and Brahmaputra are of soft material <ind the bed below Goaiuado would accommodate 
Itself by mcreastnl bcour to any floods coming down the Brahmaputra without the 
water backing up in the Ganges, does not take into consideration that when the Brahma¬ 
putra hrst joined the Ganges, the combined rivers must h.avo found the original outlet 
through the Anulkhan, and contiguous branches, iiisutflcient, and the result was that a 
now .iiid straighter channel was forced to the northward through the Kaliganga or 
Kirttiuasa channel mto the Meghna This must have taken some time and it was while 
the outlet was ubstruct«Hl and increased scour was providing an adequate chaunol, that 
more water was forced down the upper distributaries. When a statisfactory outlet 
channel developed, the influence upstream would naturally not be so marked. 
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2^ The aecon<l argument that if any backing up actually occurred, the Qarai and 
Cbanddua would have taken the excels water, is met by the fact that these rivers 
actually di<l take a great part of the supply, but thoir channels were msutllcient to 


flootls It IS a remarkable 
signs of nicroosed activity 
Jamuna as a main river at 


accommodate it all, as is proved by the Muhamma t}>iir 
coincidence that at the same time the Matabhanga showt.d 
This would fix the date of the hist actual junction ol the 
about 1795. ' 

The thud argument is that a raising of the Ganges flood level of six feet at Goalundo 
by the Hrahniaputra would, accoidiug to the tall ot tho Ganges of d inches to the mile, 
cause no appreciable backing up at the distance of 95 miles up stream whore the 
Matabhanga takes oQ* It would be ibthcalt to estimate the actual extent the flood 
level was rai'Hd at Goaliindo, considering the obstructed state ot the outlet at that time, 
but the aigiiinent lones sight oi the fact that though no actual backing u]> might take 
place 95 miles upstream, the raising ot the flood level by even six feet would reduce the 
general slope of the mam liver from inches to 2 5 inches to the mile Any distri¬ 
butary at this point with a favourably placed intake would, by providing a greater slope,* 
attract an increased volume of water 

29 Taking Mr Wickes’ hgun'S as quoted by Majoi Hirst as correct for tlie time, 
(hat IS, with the Matabhanga h^ad 95 miles above Goaluudo, a fall of tho Ganges of 
d d inches per mile and a raising of level of 6 feet at Goalnndo, and assuming the depth 
111 the Ganges to hav-> lieeu .U) feet, Mr Aildams-Wiliiams by applying Ruehleiuann*s 
lormula lor b<i('k watei cuiv *, Inis deduciul that a rist* of about 7 inches would have been 
caused at the Matabhanga oflUke il the depth in the Ganges is taken as 40 feet the 
rise would have been 1' 4" Foi the Garai head 45 miles above Goalundo tho corre¬ 
sponding rise-i wouM have been 2'd' and 2' 9',* respectively The backing up effect would 
therefore have been quite considerable 

.10 Furthonnore, if a siidilen laisiug of the nvor level b feet could not affect the 
supply of distribnlaiies 15 to 90 mil ‘H npsLieam, it is difRciiU to understand how tho very 
gradual raising of tho ends of Majoi Hiist's elevated blocks Nus II and IV which can, 
judging by the goiieial ajqieaiances, have not been very much more at the critiCcal points, 
progressing at a lato of a fraction oi an inch a year, could have affected tho llrahmaputra 
Mid Tisla at their points of diversion The extremely gi adual backing up in these places 
might be presameil to have been much more easilv compensated for by increased scour 

dl in 1811 measuies were taken to improve the channel of the Matabhanga and 
tolls were levied, but bv 1818 fhe obstilu(ions had become so bad that the merchants of 
(Calcutta found th(*ii bnsmess seriously interfered with and petitioned Government to 
lake stops to improve the rivers. 

d2 In IS I'1-20 Mr (’ K Uobison wasappomtodSupmiiitendent anci Collector ol the 
Matabhanga and out of this appointment liasgiowii theNadia Hiveis Division of the Public 
Works I tep.ii tnient The training of cUaiiuels by iikmus of “baiidals” was commenced 
ami an iinsuccesstiil alLempl was made to divert into the Matabhanga tin 
Kumar which carried away hve-sixths ot the supply Mi May lelieved Mr Uobison in 
June lh2l) and fumed his attention fo the snags winch eiicnmbeied tlie channel and 
caused tuunmorablc wrecks During 1820-21 Ihiee liunditMl of these snags consisting of 
trees and wreckei! boats weto lemoved ami treo^ on the banks which were likoly to tall 
into the liver wi re cut down 

iW The Matabhanga was madenivigable from the entrance to the mouth of the Kumai 
till the end of March 1821 and as tliat nvei still took iway three-fourths of the supply, 
ail endeavour was made to close it A caisson au<l some old boats were sunk across its 
mouth and a , ut of 1,510 yards was made acio s a bend of the Matabliauga in order to 
attract the water The result ot these opt'ralnms was that the Kumar intake closed and 
tlironghoiil 1821-22 a least depth of .1 feet was available throughout the Matabhanga 

54 Ml May reported at the time that it would bo difKciilt, if not impossible, to 
mako the Nadia Itivers [lermaneutly navigable, owing to the great changes which took 
place in tho G.inges channel at their intakes He thought with two dredging machines 
ot twenty horse power, he could keep one of the livers open for boats of aliout 5 foet 
draft A dredging machine drawn by bullocks was supplied at tho beginning of 182.1, 
but though it only <lrew 2 feet 4 inches, it was taken up the river with great difficulty, 
owing to tho deterioration of the channel and tho entrance w.is found so obstructed by 
sand that tho dredger could not 1)0 used The Jalaiigi entrance was open with 10 feet m 
December 1823 and 4 feet w’bs obtainable throughout thi* river Tho Bhagirathi Aintiunce 
at this‘time, as will be seen on Map 3, took off the mam ehannol about 8,‘ miles east of 
Faracca and was very favourably placed , the dredging boat was accordingly sot to work 
there and in 1824, Mr May was given the additional cliarg'* of the Bhagirathi and Jalaugi 
with a regular establishment for the jmrpose 

35 The bhagirathi cloBul HI March and tho Jalangi m May 1824, but after tho 
rains of that year the Bhagirathi entrance had shifted 4' miles to tho westward 
towards Faracca where it lay in tho direc; line of tho mum stream current The 
entrance was cut through rapidly, widonmg from 250 feet to half a mile, .ind 
deepening to 22 foet m .Tauuary 1825. In spite of this, however, the depth on the shoals 
down to Nadia was kept by bandalling at only 3 foot throughout (he dry season The 
Jalangi provideu that year a depth of a little over 2 feet, but tho Matabhanga closed and 
below the Kumar river was practically di> In 182') the mam Ganges channel cut 
through a loop and shifted to a more direct course right through the 
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entrance^ leading <}i^onaUy across from four miles oast ot Faracca The new ontrsiioe 
to the Bhagirathi now took olf the mam ohaauel H miles sonth-east of the old position 
this closed early m November 1S25 and Ihoagh .t second dredge was supplied, all 
the rivers closed in March L826 The entrance ol the Hhagirathi worked gradually 
downstream, as shown on Map No 3, and m spite of dredging and cals, was impassable 
except by small boats before the end ot December each year and in February 1829 the 
depth was only 11 feet At the end of the latter year the river ha 1 worke 1 down into 
the old untraiioe channel ot 1823, but this mailo matters no better and before January 
18^1 It closed and in November the be i was nearly level at many places with the surface 
of the water of the Ganges From the entrance to Nadia there wore 23 shoals with little 
more than 2 feet depth an<l this state of affairs continued throughout the dry season of 
1830-31. In thu meanwhile, the Jalangi, which had closed for a part of 1826-27, had 
improved In 1827-28 suflicient depth was available during the greater part of the dry 
season for boats oi 2 feet draft and this traOic was maintained thronghout the following 
dry seasons, till m 1830-31 ovou larg.^ boats were able to navigate the river till the end ot 
Decemlier 

36 After the closing of the Knmar oQ take in 1820-21, the Paugasi which branched 
off from the Matabhanga lower down and ran into the Kumar, began to uke the greater 
portion of tlio spill to the south-eastwards and by 1824 the position was the same as before 
the K!umar was blocked , thi* greater part of the Matabhanga water passed into the Pangasi, 
leaving the channel of the former nearly dry below the offtake. 

37 The Matabhanga was in a bad slate from 1825 to 1830 and two attempts to 
divert the water flowing away through the Pangasi proved unsuccessful and ni 1828-2‘J a 
steam dredge was tried below the entrance of the Kumar without much n‘sn1t, owing to 
unsuitable machineiy and thu heavy diaft of the boat which was 6 feet 

38 In 1831 early rainfall considerably increased the discharge of the Hhagiiaihi’s 
western tributaries and opened for small boats the rivcM ch.uinid below Berhamput, which 
had been closed since January and tfio general condition of the whole river wan Ix^tter, 
though the outraucu dotoriorato<l m 183.1, <iiiring which year and 1814 th^ channel was 
kept open, but with ililhculty In the flood season ot 18.12 the entrance of the Jalangi 
shifted 5 miles to the north and closed early in the diy season, but the next year there 
was some improvement and with the aid of two hand dre>lge8, a channel for small bo.its 
was maintaiued thTOiighout the season. The Matabhanga iii the meanwhile conUiined to 
give trouble, closing early owing to the greater volume of the discliargo passing into the 
Pangasi, and a proposal was made to divert the current into a loop taking oH the right 
liank of the Matabhanga above tlu* Pangasi ofltake 

.19. Work on the N.idia rivers was stopped in 18.3.> and the establishment discli.irged, 
as it was thought the results obt.iinei] were not worth the cost, but in June 18.17, Mr May 
was again appointed Superintendent and found tlnMivers h.id duterioiated At the end 
of the rains the Bhagirathi h.id three entrances, the b'^st being the ujipermost one with a 
depth of 2^ feet over still mud A 3‘ feet channel was cut through this and was opened 
by the flow tlirough to a depth of 10 feet, incriMsing in width from 18 feet to 2.50 feet 
Tlie channel below was kept open with a depth of a little over throe ft'ot and in 1830-40, 
it was oven better than in the two preceding years. The entrance during this time was 
about ri miles north of Gena Tlie Jalangi entrance was improved from 3! to 11 f'vL in 
January 1838 The rivei was kept open till April but in the two tollowing yeais, it closoil 
early in Fcd>rii.iry and the Matalthanga did the same 

40 Mr May was succeeded byCaptiin Smyth in August 1840 The Bhagirathi 
which perinittod largo boat traffic throughout the dry soason of 1840-41 gradually became 
worse m 1841-42 boats of only 2! feet diatt could pass and in 1842 43x1 was more 
obstructeil than m the previous live years and there were many complaints With great 
difhcuUy a depth of about 3 feet was maintained the tollowiug dry siason and in 184.5-46 
a passage was secured for boats of 2 feel drift. The next season tho entrance was so 
unfavourably placed, that it closed in February 1846 and by May the depth had I alien to 
one foot 

41 A new channel from the Ganges about 4] miles downstream, was cut into the 
Bhagirathi across a neck 1,.500 feet wide, and this rapidly improved, giving .5 to 10 feet of 
water. The main Ganges channel tiavellod gradually south-westward, carrying this now 
entrance downstream and clever to Gtirio, bnt the intake gradually iletoriorated and in 
1852-53 closed as early as Novembei when the entrance was ]ust abreast of Suti. 

42. The Jalangi remained in a b.id state thronghout the period from 1839-47. In 
1840-42 it gave a depth of 2'9'at the entrance, bnt only 1' feet on shoals lower down 
The next jear it was kept open for traffic till March, but closed early m December the 
four following seasons. In 1846-47 when the Bhagirathi was bad, the entrance of the 
Jalangi was dee]iencd, but bars lower down the river were very obstructive and goods had 
to be conveyed overland, or in canoes In 18.50-.51 the entrance of the Jalangi had two 
branches tho western one l>ing open to the Ganges current was easily improved and tho 
river remained through<mt the season better than it bad ever done. After tho rams of 
18.53 however, two large sandbanks in thelGanges above and below the entrance joined, 
completely blocking it early in December. 

43 Between 1840-41 and 18.50 the Matabhanga was never navigable below the 
Pangasi offtake and for a great part of tho time, it bad an entrance common with tho 
Jalangi, but in November 1850 the Ganges right bank cut into the Matabhanga lower 
down and forced a large supply of water into it, the greater part of which, however, was 
taken awvy by the Paugasi. In 1852 by the construction of a channel for ten miles below 
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tho Pangasi by arki6cial hanks just wide onongh to admit ono boat, and with the uso of 
kodaliSf a passage was maintained for small boats. 

44. This history of the Nadia rivers, derived chioHy from Major Lang’s Report of 
1848, shows that since the records oommetice, over a eeiitnry ago, great difficulty has 
always bean experienced during the dry season in mamiaming a channel of oven two to 
three feet depth, for the passago of tho ordinary traffic boats and this was almost entirely 
dne to unfavonrable conditions at the oiftakes trom the Oan^ Ml As has been E;tateU, the 
continual changes m positions of the eiitranoH are due to their being prolongations of 
the river channels through tho diara land of the Ganges, which is throughout in a 
constant state of erosion and roformation, owing to the vagaries of the main stream In 
the mnltiplicity of changes, it is very difficult to trac * any regular law of development, 
but in tho case of tho llhagirathi there are certain indications which give ])romise oi 
resnlts if fully worked oat At present tho Uhagirathi takes olF from a loop channel (the 
Faracca channel) of the Ganges which runs along tho perm inont right hank of the main 
river for .10 miles from Faraoca, 16 miles below Rajmahal, entering the main stream 
again at Nar.inpur 4 milos below the Bbagiralhi offtake at Hiswanathpiir The Faracca 
channel is fed by throe entrances from tlie mam str.^am, the first at Faracca at the head 
of tho loop, the B( cond and third through the intorvening aandbaiik at Kaliganj, 17 
miles down the loop, and at Nurpm clo3<‘ to Suti at the 20th mile. 

4.^ Tli(> two uppermost entrances, Faracca and Kaliganj, have been practically 
closed for some years, leaving the bed of tho l^’aracca channol dry for the upper IS or 15J 
miles of its course The supply to the lower end of the Faracca channol and so to the 
Bhagirathi, has consequoutly boon through the Nurpur, or as it is also called, tho Moiidat 
channol, and a few years hack thi> mam portion of tho Ganges stream passed through it 
The greater part of tue discharge during the dry season flowed oil through tho lower end 
of tho Faracca channel at Kalitolla or Naranpnr, but a portion passed into the Ifliagirathi 
at lilswanathpnr This was, however, consideiably restnetod owing to tho month of tho 
Bhagirathi being inclined downstream and its bed being abuni 20 feet higluT than the 
bed of the Faracca channel If the lower outlet of the Faracca cliannel improves, the 
discharge into the Bhagirathi is naturally lodiiced, particnlarly as its inlet forms a back¬ 
water. Recently the KnrpuT channol hasblock«‘d and tho Kaliganj entrance opened again. 

46 In 1772 the Bhagir.ithi intake was duo oast of Suti In 182i, as will be soon 
on map No II, tho Ganges mam chatiiiid passed about II miles away from Faracca, flowing 
eastward in a great loop Tho Bhagirathi head having shifted !.'> miles northward, 
took off al)Ont nino miles duo east of Faracca and followed a winding conrso through the 
diara into tho Nurpur ontranco at Suti A second entranco which 0X1810(1 about 4 miles 
abovo tho chief one, was monopolised by tho Ganges mam stream in 182.') and tho 
Bhagirathi then lomid an off bake lower down, and still omurgod in the Nurpur intake 
The Bhagirathi ontranc* continued to woik gradually, but remarkably regularly ilown- 
Htreaiii, its channol traveising oveiy portion of the intervening diar.i, but issuing 
imifoimlj' through th*' pissige at Nnrpnr This sec'mod to form a focus for tho gradually 
shortening channol, till in 186D the lattoi mergtul into the Gangi^s mam chaimel which 
earned all tho discharge down tho iniin stre im, an I tli' intake shortly afterwards was 
blocked In LH71 the Ghaurasia entrance, five miles lower down, oponi'd and remained 
the intake of tho Bhagirathi till 1882, when the present Kaliganj entranc* opeiKul 8 miles 
npstre.im This passago was tho mim miel tor five yvMrs until the Paracci intake at the 
hea l of the loop channel which had heoii open siiico 188.1, commenced to admit an 
mcroasod discharge The inh't head workeil graduilly downstream and with the 
Kaliganj and Nurpur enti inces waioh open*'I again buhsequ^ntly, fiirnisheil the supply 
of tho Bhagirathi ThoFaracci and Kaliganj ontranc>s gradually bee line worse, until 
tho whole length of tho Firacca loop to below the latter, wai generilly dry in the cold 
season Tho Gangos miin stream pissed through th-'Nurpur entrance in 11114, liut the 
lower outlet of the Faiacca channel at Nar.inpir improve I, so that tho di^harge was 
carried past tho Bhagirathi entrance As happened in 1870 after the mam'Ganges 
channel had encroached on the Nurpur entrance, tho lattv*r again suddenly deteriorated 
last cold season 

47 Two points are clearly shown by an examination of the map, (1) the gradual 
and uniform progression of the Bh.igirathi inlet downstream from the upper limit of 
origin iibreast Faracca to the BOiithern limit at th(' permment entranco of tho river at 
Gena, as the great Ganges loop gradually worked itself out downstream, and then a 
reversal again to tho upjier limit. 

(2) The focussing tendency of the Nurpui channel This was tho entrance in 
Tavernier’s tunc 1666 and again iii 1772 Between the Utter date .ind 1820 there are no 
records, but the Nurpur ontranco remained tho inlet lu spite of continually varying 
positions of the channol above, for .50 yeats from 1820 to 1870 when the mtiko shifted to 
its extreme southern limit. It was till recently and had been for some years the 
chief intake channel. This Nurpu channel lies m the bod or diara of the Ganges and 
there appear to be some peculiar circumstances which prevent its entire obliteration 
in the ordinary coarse 

48 It was propossl by the Executive Engineer, Nadia Rivers Division, a few years 
ago, to make an artificial cut from the Nnrpnr channel across tho intc^rvening point into 
the Bhagirathi below Gena. Tins by provnling i iavourabiy inclined inlet in the direc¬ 
tion where the stream tended to flow, was expeetel to provide Hufhcient doptti at the 
entrance ani though Lhi» initial cost would have been heavy, a great reduction was 
anticiplied m the recurring dredging chirges As tho Nurpur channel seems fairly welt 
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fixoil and bUUIh, it wnnld ha^e b* 0 n interaiting to have watched the devulopmeat the 
exponroent, and it la poasihle the cat might have delayed the recent closing ot the 
Gbaniiel. 

49. The Ganges m the section between Rajmahal and Rampnr Boalia has straightened 
out it-4 channel ami for a period, until it gradually works out another loop, the Bhagirathi 
intake is under natural conditions, probtbly likely to receive a restricted supply, as the 
increased slope of the mam stream carries a greater portion of its supply past the inlet 
anti with a straightened channel, there is less chance of a favourable direction of the 
current of the main stream into the inlet. This applies more particularly to the dry 
season wht'ii th'^ total discharge of the Ganges sinks a^ low as .10,000 to 40,000 ctisecs, 
which IS prictici'ly all required for the maintenance of the main channel 

50 In the river channeis proper of the feeders, changes are iiice-isant, but while in 
individual portions, alterations are continually taking place, loops being formed, cut 
through atul refoimed, so that traces of the old channels in the form ot semi-circuUr 
^hils or lakes are frequent along the banks, the rivers as a whole have preserved their 
general characters and direction i for a considerable time 

.'ll In mip No 2y Riunjll’s survey of the Nadia diHtrict, 1772, is reproduced m 
red * It will be seen that the only portions of the Bhagirathi channel which have 
pursisti'd a[)parciilly unchanged are the straight sections from Jiaganj to Mmshtdaliad 
and at U'rhainpiir The permanency ot the channel in the^e places is probably 
due to the Bhagirathi embankment on the left bank, but between th ‘ sections, the 
Moil ]hi[ IB I ‘it as a relic uC the mam channel where a loop in Rennolls* snrvey has been 
cut thiough, and below to Plasiey, to which place the embankments continue, changes 
hav(' been considerable. Katwa has apparently always been on the river bank, but 
between this town and Nadia, the channel has wandered over i large tract, and Agradwip 
which in K’niielTs tim ‘ was on the left bank, la> on the right bank of (h'> river lor years 
previous to 191.1, when the euttiog through of the Agradwip loop tiansferred it .igam to 
the left bank ilis map also shows Iracei of the old channel, the change from which 
brought Nadia Irom the lotc to the right bank. 

The .T.ilangi shows similar changes, but m certain portions, particularly the lower 
sectionH between I’atkubari and fCrishnagar, tho formation of the bends ha\c been wall 
presi'rved .uid what alterations are exhibited seem very small whan allowance is inaiic 
for slightly iiioorioct mapping lu Keunoll’s chart As a matter of t.act, this section gives 
the appearance of a river with well fonn^ i and established banks m places, probably in 
stiflor m iteri.il and so lass subje‘t to erosion This is all the moie remarkable as since 
Renuell’s survey the Bhairab has opined, entering the Jalangi at Muktiapiir above 
Patkab in 

Ri'iinell shows the Bhairab us a thread of a channel di .unnig south from the 
Knikijii rivet at Akriganj and followtug generally and indefiniU'ly the present Banti and 
SuLi Nadis The Kiilkuli itself, probably an old Ganges oh.innel, had uo definite con¬ 
nection With till* mam river and was only a flood season spill sttaam, Bowing due east and 
^passing Akugauj and Mancha, it then took the genet al course ol the present Sialuian 
rivei south into Ihe Jalangi It was obviously only mapped in roughly by lieiinell, pro¬ 
bably being regarded .is unimportant Since his time the connection between Akiiganj 
and Mancha has been destroyoil (probably through the Ganges channel working south¬ 
ward into it), the Sialmari became an independent flood spill stream ami the Bh.uiab 
found an enirunct of its own neai Akriganj This, piobably by lying open to the Ganges 
main current at some tune, forced a greater discharge into the river with the couB'‘quence 
that the lower reachoi opened and a new eastern branch, or the Bhairab proper, developed 
through country 111 which Rennell gives no indication of the existence of any stream 
This seems to have b’>ea defin tely eflectod as recently us 1H74, developing in the eighties, 
when it became the re il entrancj channel of the Jalangi, the old channel from Jalangi 
having comploitdy silted up and Bowing now only in the flood season The Bhairab hail 
ill 1914 &ppro|)riatod the upper course of tho Kulkiili and took off the Ganges about IB 
miles westward of Akriganj for w> loh length if flows a short distance away fiom and 
generally pirallel with the main rivei The old Jalangi channel is at present only a flood 
‘4pill Htre.im and tho entnmee is now appropriate! by the Matabhanga, as it was between 
1K40—18.*>0, when both rivers had a common offtake The old Jalangi, being a cioss 
channel with a later Hood than the Bhairab, ha-i naturally deteriorated and is unlikely to 
improve while the Bhairab is a good river, but it may resume its activity with any 
deterioration of the latter « 

511 The Matabhanga has changed considerably throughout Below Bibmbas in 
RoniielBs time it continued along the present Ichhamati channel for about twenty miles 
and tho Charm which was a mere nullah, then branched oil due westward and piasing 
Hornowhore just north of Arangb.ita, trende 1 sonth-w.istward into its present cUannol at 
Kanaghat. Frob.ibly with the gi ‘ater discharge into the Mathabhauga in tlio last y.<ars 
of the iHth century, the modern Charm opened out south-westward ftom Sibnibas 
through a tract where Uonuell shows uo stream and then joined tho old channel near 
Kanaghat 

54 Tho channels of all throe feeders wind considerably, so much so that Major 
Hirst regards it as a special abnormality not explicable by the usual processes, but due 

* RenuellV inap« thnii|;b waodorfully nccunte itciierally, coniiulenug tho moini and liino at hix diHpoiial, rc({i)irt> 
conBidumbic manipulation til III dee thorn flonparable with proitont mai>s The only {Ki-sibic method, by nxlucmi; them 
ptecv-iiienl, Ufung PTWting vilinfica nit'iatwl rlwie tos^ther, leaven errors in bearin' unoi>m(kin-<itcd, whioti have to be 
diiitribiited thiouijh etcii eectiuii. and there Htill ivinaina the preMiimption that river ciiiniot noine distance from the road 
routoa of the aitive)« acre rorn-.y ekotelKHl in Tbe Bhagirathi ccrtninl) and prceumablx also the Jalangi as shown on 
Hi mill's map, were actually surveyed by Dti GIom 
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probsbiy lo a great extent to thvi intiaeuoe o£ the depresaion at Nddni poBtiilaliMl by him 
Ab a matter of fact with the conditions of soil and discharge prevailing over the delta, 
all the rivers wind to a greater or less extent, so that ibis feature lias even prompted the 
naming of streams such as the Atharabanka (eighteen bends) in the 24-PargdnaH and 
again in the Khulna district Fergusson who considered the subject specially and ondea* 
voured to adduce fixed laws lor the carves of riveis according to their size, appaiuntly 
did not find any marked abnoimahty m this respect in the Nadia iiveis Throughout 
the world, this characteristic is noticeable in rivers fiowing through alluvial plains and 
even great rivers such as the Mississippi and Tigris exhibit it to a niaiked degree, as cun 
be vurihed on their maps. The question is simply one of the ielution between the >drying 
erosive action of the current and the resistance of the soil. A current, ovoii though fully 
charged with silt, striking an erodible bank at a favourable angle, cuts into it naturally 
along the portion exposed to attack and a concave bank, or bight, is thus f>«rme4l will) 
comparatively deep water along its face, the material dislodged is tranH[>urtud ilown- 
stream until the velocity, being gradually dissipated by the resistance of the bank and 
by the cross curieuts and eddies created by the erosion, is insufiicient to cany it on an I 
it IS droppe<l , the current is deflected by the direction of the bank and its centrifugal 
acUon across to the opposite bank and the slope being lessened and the velocity reduce^!, 
deposit takes plauc over the whole cross section and a bar is thus formed at the crossing 
This creates a head ai%4l the slope being incicased, the current then strikes on (he opposite 
bank below thi* crossing with accelerated velocity and the whole process is thus 
continued According to the more or less friable nature of the soil, the curves are 
worked out ileeper, teiuhng by the lengthening of the bends and coubcquent fialitMimg of 
the general slope to reduce the velocity, until the erosive power ot the cuiieiit is brought 
into equilibrium with the resistance of the soil. If the soil were porfoctly homogeneous 
and velocity constant, the river would work back on itself in a circuhir loo]>, autl though 
undi*r ordinary conditions this does not happen, the bends of two succos-iive loops 
sometimes cut into each other, or they may be brought so near that only a narrow neck 
IS lett separating them During a high flood the water pouring over the neck and 
falling with a greatly increased slope, owing to the shorb^r length of channel, into the 
loop below, cuts back into the neck and if the comlitions arc favourable a “cut oH ” is 
estabiismil and the main river channel passes through the new passage With the greatly 
varying discharge of the Nadia rivers and the very friable nature of the soil, the condi¬ 
tions, where erosion is not restricted by embankments, are very favourable for the 
developnn'iit 1 1 loops and the process is fully accounted for liy ordinary physical agencies 
A “cut oil*’ when it occurs, is very disturbing to the regimen of the rivei for some 
distance above and below it Owing to the sudden increase in slope, scour takes place 
actively and the iivor endeavonrs to re-establish the former conditions approaching 
equihbiium, by lengthening the liend It consequently happens that other necks in the 
vieinuy of the first “cut off” may be scoured through and a group ot successive “cut 
oils*’will occur, straighU'mng the river channel considerably This by increasing the 
Bcoui throughout might be expected to be lieneficial, but the scour is not confaned to the’ 
bed, and the b<inks are Mgorously attacked till the old conditions are established 
Furthermore, as the water (liains ott quicker, the level is reduoud, baloncing the eiosion 
and in the low water season when the discharge is at a miiiiinum, the depth on the crossings 
may be even leas than before Oon8(*quently “ cut offs *’ in a jiroperly conserved river 
are guarded against as introducing a disturbing factor, the consequences ol which are 
not easily calculable These “cutoffs** have been of common occurrence on the Nadia 
rivers ami in the Matahhanga were artificially effected m order to attract the water from 
the Kumar and P tiigasi, as already described A proposal was made in 1S '1 by Mr. May 
to increase the slope and shorten the channel of the Jalaiigi by a number of cuts at the 
longer loops, but this was never carried out About fi years ago a natural cut oil look 
place at tht‘ Nawapara loop just above the <lischarged observation station at i^anditpur 
and auothei cut off is imminent jnsl below Putkaban In the Bhagirathi, “cutofls** 
havi been frequently effected as exemplified in the various SBini-ciicular jhils along Us 
course About 1911 a loop at Nadia was cut through, and in 191d the river deserted the 
14 miles of w Hiding channel eastward of Agradwip and forced a new cut thi ongh, a passage 
alloided by the Patuli khai shortening its course nine miles This was followed almost 
immediately by the desertion of the Hnrubhanga loop of H* miloH at Kaligaii) above 
Katwu, where the Jibagirathi appropriated a small artificial cut and emerged into the 
Dwarka at Pishnupur effecting another shortening of 6 miles At both these new 
channcilB the disturbance is still great, us is shown by violent flurries and eddies • In 1914 
shortly after the Harubhanga cut off, the Dadpnr loop of 4} miles was cut through, this 
being a typical natural cut ofi, comparable with the Nawapara out off in the Jalangi 
The deserted channels in those cases rapidly silt up and wathin four or live ^ears jiurtiuns 
are uiulor cultivation 

t>6 Krosion has also been active at Bhapta about 8 miles above Dadjmr extending 
a long bend which now threatens to cut into the Eastern Bengal Railway line to 
Murshidabad In order to save a breach, it has been suggested to cut through the neck 
of the bend and establish an artificial “ cut off ** Borings taken along the site of the 
proposed cut have, however, revealed the existence of a bed of blue clay winch is unlikely 
to scour naturally and sufficiently lo provide an adeqnate channel for the river. It will 
be noticed that m certain localities, owing to the particularly friable nature ol the soil, 
or other circnmstances, the river channel is continuously working out loops and cutting 
through them. This is particularly noticeable at the two ends of the Katwa reach, winch 
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in the middle portion ib remarkably Btal)lef<8bowing very little alteration emoe Rennell's 
time. I’etwcen Plaasoy and Udhanpur at the upper end of the reach, the channel has 
wandered considerably and there are numerous traces ot old couibob and beds, and it is 
here that the Harubhanga loop has recently b^^en cut through. Below Katwa, the Agra- 
dwip area for miles is an intricate net work of old chaunols 

t)7. The extreme instability of the regimen in theso places is undoubtedly to a great 
extent due bo the lerv variable nature of the discharges of the Bhagirathi’s tributaries, the 
I abla, or Bwarka, which enters abreast the Harubkanga loop and the Ajai flowing in at 
Katwa. These streams bring down their supplies in sudden rushes and this reinforcement 
of the mam current, acting lu what w jiresumaldy particularly loose soil, sets up active 
erosion, resulting tii the continual reformation of the chaunel. 

.'»8. The general slope <if the country covered by the MursUidabad and Nadia 
districts iH towards the south-east, but the slope IS very gradual and the area is so inter¬ 
spersed with jhil''and maishes and inters^‘cted by Aid courses of rivers, that the general 
lines of drainage are not easily defiued The Bhagirathi with its high banks is the 
natural boundary of the area on the west and the slope to the south-oast of the tract 
immudiately adyaeent to the rivei, is so marked that a practically coutiniiouB line of 
embankment along the l^ft bank from Kulgachi, IH miles from the entrance, to Plassey, 
has been necessary to protect important cities such as Murshidabad and Berhampur and 
other settleiiieuts from lunundation during the Hood season. I'his slope on the west with 
the trend from the liigli right bank of the (langes, which bounds the area on the north 
ainl east, from Lalgola to the old Jalangi entrance, foTm<4 u basin in the upper portion of 
the district and tho drainage hues conveige to a mitldlc region below Daulat Bazar. 
Through the middle of this tract the Hhairab now r.ins in a ^neral southerly direction 
and the recent opening of the river must naturally liavo been greatly fiicilitatcd by the 
general trend of drainage, once a satisfaeioiy inlet through the Gauges bank at Akrigany 
was developed ’ 

.59. To the east of the Bhair.ib, the Sialmari rniis through the country in a south¬ 
easterly course at an angle to the drainage tendency Being an old spill stre iin which 
was well d<‘Vclop( d in llenmdl’H tune, it has been able to rnaintuin itself, but under the 
circuinstanees, is apparently incapa*l)le oi iurtlier devi lopnient Bi^tweon the lihagirathi 
and Bhairal), the Gobra Nala formerly took any sjtill from the Bhagirathi such as 
that througli breaches in the embankniiiit t\'huh at tunes allowed as mncli as .50,(KK) 
ensees to pass fo] a week at a time This was discharged thiough the Kalantur, a low 
lying area of bils and maishes lying oast ol Boldanga. The Gubra Nala has been 
b“headed by tlie railway and new embankment fiom Jioganj to Bhagaliaugola, and it now 
generally eariies only suiface and cli’ai water and has consequently become simply a 
sluggish dram, though to .50 feet deop in places It is called the Bhandardaha Nala 
at its lower end and cluotly drains across along the line of the Beldang<k Amtala district 
road into the Sail Nadi This latter nullah is a continuation‘of the Panti Nadi which 
<<is a spill of the i'hairab, taking oil at Baiiii east of Daulat Bn/ar and forms the older ami 
wosterii branch of that liver, winch is shewn on UenmllS charts It re-ente*rs the 
bhnirub-Julangi, at Ihvli Tungi, at the same jMnnt where Reni ell shows the contliienie, m 
the mublle of a double i fght angled lou[) which has vei^y faitlifuliy’^ preserved its form suico 
Ins time The old Bhairab bFancli, oi Hanti Nadi flows east from the head of tho Buti 
Nadi and under the name of Kumai Nadi, enters the main blanch higher up and imme¬ 
diately at its confluence with the Jalangi near Mukliapur 

GO The area south of I elibinga between the Bhagirathi and Jalangi alreaily 
mentioned «is the Kalantur, forms a iiatuial lidsiii comprising large marshis such as the 
Bat and Suiinari Inis now piacticallv cut ufl from any spill This district with no definite 
drainage, forms in the lutny season a huge shallow lako m which a poculiai long stem¬ 
med rice IB grown, and dotted bore ami th<*re with villages built on mounds 

G1 Bet\reen tho Bliairiib Jalangi and Matablmnga, the country is intersected 
by lununierabte old rner cour'^'S, such as the old Bbnirah channel, and bils, 
trending in e\ery dinctioii, but the general Blujie becomes more decidetlly south¬ 
easterly and cuts across the Matnbbaiiga at a considerable angle In consequence 
of this, the greater part of the Matabhanga spill is carried away to the south-east 
by the Kumar and Ichhumati distributaiies Tin* slope is so }ironounoeU that, as 
already mentioned, a successful attem]it at closing the Kumnr offtake m 1820 merely 
resulted in the opening of another outlet lower down, and, as will be seen fiom the 
history tdready g 1 ^en, ever since the beginning of last century, the dilTiculty in keeping 
the Matablianga open has been due to the fact that its Jessorc distributaries took away 
from three-fourllis to five-Mxths of its spill supply In spite of the various aitempis to 
<Uvort it, they, at tho nresf nt time, are estimated to draw oft soven-tenths of its discharge 
before it reaches tho Hooghly 

62 This drainage tendency to the sentli-east from the Matabhanga has, therefore, 
been in marked evidence for ovei a hundred \oarb uud the opening of the modern Churni 
channel south-west from Sibnibas at about the end of tho 18th century must, most 
probably, have been due to abnormal causes such as a considernblo afflux which burst 
its way into convenient low-lying country and developed a channel, which, once formed, 
has continued to provide a w'aterway 

GJ Tlie only regular embankments on the Nadia rivers are tho protective system 
along the left bank of the Bhagirathi, known in the upper part as the Laltakuri embank¬ 
ment and the Kachikata embankmout for a short distance on the left bank of the 
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Matabhanga. The Laltakarl sjatem was oonneoted to the Ganges emi ankment running 
along its right bank, from Chii tamoni aboTe Lalgola to Akriganj, by a cross connection 
at the head, between Eulgachi and Chmtamoni, and another cross enbankment from 
Jiaganj to Bhagabangola has recently been constrncted, thns enclosing a rough qnadni- 
ateral between the BhagiratLi and an old bed of the Ganges shown on Rennell’s chart 

64. The Laltakuri embankment though preventing the natural spill of the 
Bhagirathi, so that Mr. Wickes, Snpei intending Engineer in 1685, remarked, “ I believe 
however that the man who embanked the Bliagiratbi would, if in Egypt, have embanked 
out the Nile waters ** has been frequently breached during high floods High floods have 
on many occasions inundated the Nadia District* In 1801a flood of great severity 
occurred, followed by another very severe flood in 1823, which is supposed to have lasted 
nearly two months In 18.18 there was another heavy inundation and in 1856 a very 
severe flood, the embankment breaching at Laltaknn Bleaches again occnrred in 1867 
and 1870 when the flooding was fairly great and again in 1871 there was a high flood of 
great duration The embankment was breached again at Laltakariand it was calculated (hat 
the average discharge through the bieach was 40,000 cusecs Three hundred and twenty- 
one square miles of the Murshidabad District were flooded, of which 285 square miles 
were situated south of the Jiaganj-Bhagabangola Road, which at that time had not been 
embanked. The flood joined the Jalangi flood and passing ^orth of Krishnagar, amal¬ 
gamated wi^h the Mathabhanga spill and breached the Eastern Bengal Railway embank¬ 
ment. The inundation lasted siv or seven w^eks 

65 A minor breach occurred in 1874 and a heavy flood which breached the 

Murshidabad embankment in 17 places, though not at Laltakuri, caused extensive 
iiinudation in 1871:1 Six years later m 188.'>, one ot the heaviest floods on record occuired 
The embankment burst irgaiu near Laltakuri on the 23rd August and the gap widened 
from 200 to 800 feet in oue night aud eventually reached a width of nearly half a mile 
The discharge through the bleach was presumed to have been about 50,000 cusecs for 
three weeks from 24th August to l^h September By the 2r)th S^^ptember, the di'^charge 
fell to 14,000 cusecs and rapidly decreased The flood poured south-east over the country 
to the oast of the Bhagiralhi along the Gobra Nala It filled up the Kalantar area, joined 
the Jalangi spill and tli^n united with a heavy flood in the Matabhanga which b#eached 
the Eastern Bengal Railway near Bagula and the Bengal Central Kailway between Gopal- 
nagar and Bangaon. The area iuuudaA.ed between the Bhagirathi and Eastern Bengal 
Railway was 1,000 square miles, b«*tW8en the Eastern Bengal and Bengal Central 
Railway 600 square miles and below the latter about 1,200 square miles This flood 
lasted about a montli ^ 

66 In 1889, when rtffe Beihampiir gauge recorded the highest reading so far 
registered, the embankment was again breached in two places and with a still higher 
reading of.,the gauge in 1^90, another breach occurred at Laltakuri, though the floods m 
these years were moderate Since then there have been no severe floods, though the 
embankment was breached as ie(entJy as 1907 After the flood of 1874, Mr Wickes had 
drawn attention to the difficulty of in^^taining the Murshulabail einbaukmeut during? 
high floods on account of the extiemely treacherous nature ot the soil He proposed 
that the road f^oiu Jiagaiij to Hhpgabaugola should be embanked ,to serve as a second line 
of defence, shonUl «the rivei embankment buist, a'l it usually did, at Laltakuri, subse¬ 
quently it should be considered whether the upper portion of the river embankment 
above Jiaganj neetl be maiurajnrd There was considerable disciiMSiou over this matter 
extending over a long peiiod, during which other high maiidatious such as that in 1K85 
occurred, and various other proposals weie put forward, such as the entire abaudoument 
of all embankments which, though the most popular scheme, was given up on account of 
the uncertainty as to the amount of compensation the Government might be called upon 
to pay A third proposal was to construct a retired hue along the Dewan Seiai Road. 

67. Finally, It was decided to construct the Jiaganj-Bhagabangola embankment and 
to abandon the Laltakuri Bund on the Bhagiiathi "for 20 miles from its upper end at 
Rulguchi to neai Jiaganj, tlnowiug the quadrilateral area mentioned, open to spill from 
the river, and the activity ot the i hagirathi is evidenced by the fact that this district is 
now being raised at an estimated rate in places of about .1 inches in a year 

68. Au important circumstance lu connection with the Bhgairathi breaches does not 
appear so far to have attracted attention If the curve of Beihampur levels on plale 
No 1, or the corresponding statement C,”is examined, it will be seen that in the years 1867, 
1871 and 188.'), when fhe heaviest breaches occurred, and also m 1907, the low-water level 
in the. dry season previous,shows a sudden and considerable rise. Now the 4ow flood 
level at Berhampur, relativnly for two consecutive years, depends on two factors, the 
percolation supply and that through the entrance The former may be regarded as 
fairly constant, while the latter Aaries from ml when the entrance is blocked, to a 
maximum quantity when it is well open ' The Chaurasia entrance opened m 1871 
The Fsracca and Eahganj entrances were apparently well open in 1885 and presumably 
there was a good flow through in 1867 to raise the luw-stage lev^l 2' 3* higher than in the 
previous year, and again, though not to the same extent in 1907. Owing to the height of 
the low-stage level in these years,the range to the bigb-stage, though, bringing the flood to or 
near the top of the embankment, is only about, or even less than the ai erage range for the 
decenniabperiod. lu the remaining years 1870, 1874,1879, 1889 and 1890 when the floods 
through breaches were moderate, the range is considerably above the average. In 1889 
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and 1890 the river levels reached the maximam recorded heights to that time and yet the 
breaches were comparatively nnimpertant as the entrance was apparently in a bad state. 
The heaviest floods have, therefore, occurred when the Bhagirathi entrance in the dry 
season opened and was followed by a high, or even a moderately high flood in the Ganges, 
giving a strong rush through the river With the entrance in a deteriorated state, as it 
has been for many years now, no heavy floods can be expected, bnt as the phase passes, 
should a new entrance develop at a time when the Ganges flood is fairly high, the em¬ 
bankments will again be subjected to a severe strain, thoagh the removal of the weakest 
section above Jiaganj where a large spill area has been thrown open, will minimise the 
risk of farther breaches 

69. In addition to the main embankments, there are numerous zemindari bunds of 
about 3 feet m height, protecting land at threatened points from inundation, and pre¬ 
venting spill from disseminating freely, and the various district roads have a farther 
restricting efl!ect In addition to the main protective embankment on the left bank, the 
pbagirathi has a double defence against heavy spill in the railway embankment from 
Plassey through Murshidabad and Jiaganj to Bhagabangola and to its terminus at 
Lalgola Below Plassey the railway runs south-east midway through the tract between 
the two*rivers and crosses the Jalangi at Krishnagar Heavy spill from the Bhagirathi 
IS, therefore, prevented at the present time, except in the upper portion where, as already 
mentioned, the embankment has been abandoned Along the Bhairab-Jalangi and 
Matabhanga, there are roaches where the rivers have a certain amount of local spill and 
plans have been prepared as famine relief measures to utilise this spill to All up low-lying 
land or bils at various points, among these being the Choa project to reclaim the low 
area between the two branches of the Bhairab above Amtala. 

70 At the present time the bistupore bil to the east of Berhampur is being re- 
ciamied by carrying spill from the Bhagirathi into it through a draina^ channel, which 
however, has itself to be continually kept clear ot silt deposits settling in it. Major 
Hirst has laid some stress on methods of reclamation of low-lying areas and draws 
attention to the piocedure lollowed by Mr Hennessy Mr Addams-Williams points out 
that there are many cases in natuie where a similar process has been carried on by the 
riveis. The tendency is, however, for the connecting channels to throw down a bar at 
their ofltakes and to sever tho bils from the rivers The objection to such methods is 
that the bils are filled only once m the flood season and the process oL silting most, therefore, 
be necessarily stow a more rapid process would be to pass a continuous stream through 
the low lands by excavating an exit channel, whuh would be regulated so that when the 
rivers begin to fall, the exit can be closed and tho bil emptied back into the river to flush 
the feeding channel The water pa8*4ed on by the exit channel in such cases containing 
very little silt improves the river below by sooui, as has been the case in the Khulna 
district 

71 Major Hirst imiitious that the fact that the Kol cultivators have been using 
Italian boniflcazione methods of leclamation probably for oeuturies has dppdrently not 

obeen noticed Mr Addams-WiiJiams states that Mr G C Maconchy’s notes for the 
Irrigation Commission contain full details of these opeiations and that in all drainage 
projects 111 these districts, tho question of bringing silt-laueu water on the land is being 
ooiiHidoreil 

7ti The past histoiy of tho rivers and the j,eneral condition ot the Nadia area 
having been cousidered it is now lu ccssary to proceed to an examination of preaeni con¬ 
ditions of these teeders ot the Hooghly 
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1. The Bhagirathi is the mosi important of the feeder rivers and is distinct from the 
others m that It IS not merely a spill channel, but carries an independent supply, thus 
combining the funedODB of a true river in Its lower portion with those of a spill stream. 
Through its tributaries entering from the west, the Ajai, Mur and Brahmini forming the 
Babla or Dwarka, Banslai river and Jumjunikhah Khal, it drams a watershed of its own, 
6,70() square miles in area, coveriug a large portion of the Birbhum district and high 
lands lu.the Yantai Parganas, with an average lainfall of about 53 inches.* 

2. Kxcludtng the Faraooa channel which, as stated above, is not aotnally a portion 
of the Bhagirathi, but a **sota’* of the Ganges .10 miles in length, with the Ealiganj and 
Nurpur eiitrauces at the l7th and 2Uth mile from its bead, the length of the Bhagirathi 
from its entrance at Biswanatnpiir to Nadia is now about 141 miles Previonsto 191S 
when the Agradwip, Harubhanga and Dadpur ^*cat otfs*’ shortened the river channel 
20 miles, the total length of the rnei was IGl miles, so that the present length of the river 
ohanuel cannot be regarded as in any vs ay constant For administrative purposes, it is , 
divided into two sections the upper Bhagirathi from the entrance to Dadpor, 77 milos, 
and the Lower Bhagirathi from Dadpur to Nadia, 64 miles , m this latter section the 
more important tributaries, the Ajai and Dwarka, enter. 

3. The entrance at the present time trends south-east from Bhangabari about 3 milea 
from the mouth, being inclined down stream to the mam current of the Ganges. The 
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bed uf the Bhagirathi at the entrance, which at the end of April 1913 was 54' 9* above 
Kidderpore Old .Bock BiLl->-which I shall refer to hereatter as datum,—and about 20 feet 
higher than the bed of the Faracca channel, appears to have got progressively higher 
since, being 55' 6* at the end of October 1914, 57' 6' at the end of October 1915, and this 
last dry season, 191b, it was 62' 9* above datum. The Gauges level at the mouth falls at 
its lowest stage to about 50 feet above datum, but this low stage level is subjvot to 
considerable variation, having fluctuated in the past four years from approximately 
51 feet in 1914 to 54 feet in 1915. It will be seen, therefore, that in a very bad phase of 
the Bhagirathi, such as we are now experiencing and with a low level of the Ganges of 
even about 52' 6*, as m the past season, there would, at the low stage, be a dry sand 
10 teet high, blocking the entiauco These conditions are admittedly bad and with an 
abnormally low Ganges level, they maj be worse, but this may be expected from the 
unfavourable position of the ofltake and in the light of the past histoiy of the river, it 
would appear that we are simply approaching, or ba\e reached the culmination of a bad 
period. , 

4. With a bed level from 55 to 63 teet at the entrance, at the end of the flood 
season, it will be seen that as the Ganges level tails, the depth over the bar is reduced 
until the dry sand emerges, stretching across the mouth and this would prevent any 
further influx into the Bhagirathi, if dredging or scraping operations failed to provide a 
small gutter through the sand. Usually there is sufflcient depth at the entrance to the 
middle ot October, thoiigh m 1913 only 3 foet was available at the beginning of that 
month, but with the fall oL (he level, the entrance is usually practically dry by the end 
of December and very little discharge, if any, then finds its way into the river and this 
IS generally cut oil; later. The entrance which a few years ago had two or three shallow 
pools, IB at the present time blocked by a practically continuous shoal from the mouth to 
Jangipur, 8 miles down stream, in which length there is only one coraparatnely deep pool 
at Alampur at the Bhangabari, or first beod There was a clay bar at the entrance or 
Mommtola shoal and from the mouth, the Lalkhandiar shoil along the fiist reach of the 
river is also founded on clay. 'JThe channel of the river exhibits the usual characteriatios, 
having comparatively deep pools in the bights, or bends, separated by shoals at the cross¬ 
ings, or m the straight reaches, where the energy of the current instead of lieing 
concentrated on the concave bank is dissipated ove* the whole cross section, lu the year 
1916-17, there were 58 shoals, 43 being in the upper and 15 in the lower section of the 
river. 

5 Records of the varying river level are kept at Gena and various other places and 
continuous gauge curves for Berhampur since 1861 and for Jangipur and Katwa since 1890 
are shown graphically on plate No 1, the levels all having been reduced to the common 
datum,Kidderpore Qld Dock Sill, 7*759 teet below G T S. mean sea-level, for compaiisou 
and easy reference. An analysis of these lecords shows that the water level at Gena 
which has an average Lowest stage of 54'1* above datum in the dry season when the 
level IB usually dead owing to the entrance being blocked, begins to rise in cortespon- 
dence with the Ganges level, usually early m June, and geueiall} by the latter end of' 
the mouth, the river has a mean level of 60 feet above datum Usually by the middle 
of July, the level has risen to 70 feet and ordinary boat traffic can be established The 
level at Gena reaches its mean maximum height ot 79'9j* abvo odatum about the end 
of August, giving a total mean range from the low stage of nearly 26 feel, and the 
subsidiary freshet in the Ganges usually keeps the level high till the middle of September 
By the first week of October, the mean level has usually fallen to 70 feet above datum 
and by the end of November, it has generally returned to the 60 feet stage These mean 
conditions do not correspond with any particular years and there are naturally con¬ 
siderable variations, due to the iiiegnlarity of the Granges flood, both as regards duration 
and height, which are influenced by the general conditions of rainfall ovci the wide 
drainage basin, particularly in Bihar, whence the immediate supply to -the nv^r below 
Hajmahal is augmented by freshets from the Gandak, Soue, Kg')! and Mahauanda rivers 

6 The year 1918 has been an exceptional year of late freshet au<l owing to very 
scanty rainfall in July, the river levels have been aliuormally low In the Jalaugi and 
Bhagirathi up till the 9th August, there was not suflicient depth over the shoals for a 
verael of 5. feet draft to pass through Even at Katwa on the 5th August, the level was 
as much as 7 feet lower than jji the worst year since the records are given from 1890 

' 7 The total quantity of flood discharge in the Ganges depends on the two factors 

of duration and height, and a high flood does not necessarily connote a prolonged one 
For instance a small freshet from the Kusi or Gandak, du" to opportune prec^iitation 
when the Ganges level was naturally near its culmination, would raise the maximum 
height at Ra^mahal, whereas had the same freshet occurred earlier, or Jater, though 
the qu&ntity of discharge would have been identical, the same level would not be 
reached. As in the Mississippi and other rivers, the highest floods therefore occur when 
the maximum floods of the main river and some of its tributaries synchronize, it being 
extrgmely improbable at the same time, that the absolutely maximum conditions of 
discharge can ever be reached, when the mam river and all its tributaries are in high 
flood simultaneously. 

8 It might be anticipated that with a mean range of 26 feet from low to high stage 
at the entrance of the Bhagirathi, there would always at the height of the floods, be a 
lair depth, even over a 10 feet 1ry sand, but there are circumstances which modify the 
available depth. Unless the mouth is favourably situated for scour and particularly with 
back water conditions of the intake as at present, large masses of sand are apparently 
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carried into the month o! the Bbagirathi as the Ganges rises, so that the bed is raised 
together with the water level, thongh not to the same eictent In other words, the depth 
of water to be anticipated at any time is not necessarily the depth before the rise, pins 
the rise at the particular stage, and in the same way when the river level falls, the sand 
which has been deposited is, to a greater or less extent, scoured away again The condi¬ 
tions are so uncertain, that in the past few years it was not considered advisable for a 
vessel of 6 feet draft to attempt the passage until the gauge height at Gena was 66 feet 
above zero, or 73' 9” above datum, so allowing for a rise in the Ganges of about 21 feet, while 
the bed is now 10 feet above the low stage level at the entrance The available depth at 
the maximum stage with the entrance as now in bad condition, is only from 14 to 16 feet. 
This small depth at the height of the flood season is not unprecedented, as in 1851 there 
was a maximum depth of only 12 feet, and in 1853 only 14' 6*. With a favourably 
inclined intake set fair to the current of the Ganges, the bed at the entrance instead 
of rising may scour dnnng the flood, as la 1847 when the depth increased from 6 inches 
only in the dry season to 40 feet in the flood with a rise at the gauge of 28 feet 7 inches. 

9 This 18 a local action which might be expected under the circumstance, in the 
same way that when the entrance is unfavourably placed, the Ganges simply spills over 
into it, owing to Its raised level and the velocity being considerably reduced, deposit 
takes place at a time when the river is carrying a greater proportion of silt and sand 

10. In 1913 the maximum depth at the actual entrance was 19 feet and that, only 
for a week lu the middle of August when the river level rose Suddenly 5 feet In 1914 
the maximum depth at the entrance increased from 18 feet at the end of July to 24 feet 
in the middle of August, and over the Lalkhandiar shoal the depth improved from 16 
to 21 feet with a rise ol stage of 3 feet A week later the depth at the entrance fell 
to 13 feet, or 9 feet, with a fail of stage of only 2 feet In the middle of August 1915, 
there was only 16 feet depth at the entrance and 12 feet over the Lalkhandiar shoal with 
the same stage level as in 1914, when the depths were 24 and 21 feet respectively The 
maximum depths were 18 and 15 feet on the two shoals early in September. The 
following year 1916 the depth at the entrance was 19 feet and over the Lalkhandiar shoal 
14 feet with the same stage level asm 1915, and a week later the depth on both shoals 
fell 4 feet with a fall in river level of 2 feet. 

11 In the ordinary way throughout the river, the raising of the bed to a certain 
extent at the shoals on a rising stage, appears to conform with hydraulic laws as observed 
on the Missnsippi and other rivers During the dry season when the level is low, the slope 
of the nver is greater over the shoals than in the pools, bat as the river rises, the slope 
over the pools is increased and that over the shoals lowered, until towards high flood the 
difference is eliminated and the river channel has a fairly constant slope, or under certain 
conditions the variations are even reversed, the slope being now greater over the pools 
than ov.ar the shoals Now as the slope over the pools where the hydraulic depth is 
greater, increases, the tendency would be tor the river to deepen the pools on the rising 
^ stage and raise the shoals where the slope is depressed, until the effect of the greater 
hydraulic depth counterbalanced the eflect of reduced slope, giving a greater velocity in 
the latter case , and the reverse process would ensue on the following stage These 
eflects on the bed of the river will be masked to a gieat extent by the raising of the 
surface level in the first and fall of that level in the second stage, so that tl e actual depth 
oi water available may be greater, even thongh the bed has risen 

12. The general rule cannot of course be regarded as an invatiable law and is 
subject to modification, particularly at the entrances of spill rivers according to local 
conditions It is, however, well illustrated in the case of the Bhagiratbi on plate No 3 
showing the longitudinal section along the fiist, or Gena reach of the river, taken before 
and after the first freshet came into the nver. The bed us surveyed on Ist December 
1917 ,18 shown in a full line and as the water level of the Ganges had then fallen below 
the bed <.t the entrance, there would have been no flow' through ami so very little change 
till the Ganges had again risen sufBciently to spill into it On the Ist July 1918, the 
Ganges level had risen 4 feet al ove the bed at the entrance and the longitudinal 
section taken, is shown by a dotted line It will be noticed that the shoals have risen 
uniformly about 4 feet, and on the other hand, where there was deeper water or pools, 
the bed level has fallen 3 feet and al the Jangipnr pool even as much as 7 feet, though 
the area scoured is not comparable in extent with the filling in Throughout the river 
charnel generally, the shoals apparently nse on the rising stage, so that it is very seldom 
that depths even equal to the maximum rise of stage of about 25 feet are obtainable at 
high flofid level on the bars 

13. While the entrance is entirely closed by sand, preventing any influx from the 
Ganges, the Bhagirathi lower down will he carrying a stream which appears to mcraase 
progressively. This supply has generally been ascribed, and can only be due, to percola¬ 
tion of subsoil water through the bed Und banks of the river. The source of the 
percolation supplyts usually attributed to the Ganges, but there are diflBculties in accept¬ 
ing thiH view. It will be noticed that at a low stage, in the dry season with a sand block¬ 
ing the mouth, the level of water in the Bhagirathi is considerably higher than in the 
Gauges, to the extent of four to five feet and even more, and this water percolatee 
through the sand at the entrance draining the Bhagirathi into the Faraoca channel. The 
flow of water is thon outwards and if a channel was oat, the water m the u^^er reach 
of the nver would be emptied into the Ganges and at times a bund has to be built acrosa 
the entrance of the Bhagirathi to prevent thie The per<;plation supply cannot, there¬ 
fore, be derived from the Gangee anywhere in the viomlty, and from the conditions, it 
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Beemt improbable that any infiltration Ihroagh the banks, a long distance above the 
Bhagirathi, flowing at a flatter elope than the mam stream, famishes the supply. Nor p.«oi»ti 
does there seem any need to ascribe the supply to anything but rainfaU absorbed in the 
soil of the higher country to the west of the Bhagirathi, augmented to a certain extent by abiorbed 

seepage into the adjacent regions through the banks of the river when the level is high. “ 

In a country where the soil is fairly porous, a consnleruble percentageof the precipitation, 
depending on the nature and covering of the ground, is absorbed and forms a great under* 
ground reservoir This moves to lower levels in conformation with hydraulic laws, the 
velocity varying in direct proportion to the first power of the slope of the uiiderground 
water table. 

14 When the river level is lower than and intersects the water table therefore, the 
subsoil water seeps through the banks and bed and gives a constant stream This is a 
common phenomenon in rivers with a low stage all over the world. In the Nadia rivers, 
the effect of percolation has naturally been noticed for a considerable time. Major Lang Lang’s itatement. 
in lb53 stated It happens on these rivers that although their entiances may be entirely 
dry, a running stream, the effect of percolation and supplied by springs in their beds, will 
be found a short distance below their mouths, which increases in volume throughout 
their courses ** 


15 Major Hirst gives certain figures for January 1915 showing that while there 
was a back flow into the Ganges of 37 cusecs at Gena, there was a stream of 356 cusecs 
at Berhampur increasing to 59b cusecs at Katwa owing to discharges from the Dwarka 
and Ajai (which themselves may have been to some extent due to percolation) He also 
gives figures showing that the level of sub-soil water in the Murshidabad district for the 
years 1697 to 1902, was lower than the river surface m September and higher in April, 
except in 1898 when the subsoil figure is probably an error 

16 The percolation supply in the Nadia rivers is not considerable and appears to 

average between four and six hundred cusecs m the lower portions of each of the three 
rivers, as will be seen in the discharge results for the dry season months in statements 
G, H and I, the figures given by the ordinary method being taken lu the driest month for 
each river, when the percolation supply is not supplemented by any supply from the 
Gangas, or rainfall* In the Bhagirathi, it probably never exceeds 800 cusecs at Katwa 
This discharge of 8UU cusecs would represent a total quantity of about 10,600 million 
cubic feet for the dry season from January to June and taking the quantity absorbeil by 
the soil as one-tenth (though there is no certainty about this proportion) of the average 
precipit ition ol about 50 inches, the total percolation discharge would be stored m only 
540 square miles and this takes no consideration of the quantity of river water which 
would have filtered through the bank when the river level was high Of course it must 
be remembered that the pel eolation must actually be greater than the visible discharge, 
as immediately it appears on the surface, it is exposed to the sun and evaporation takes 
place which amounts to as much as three-eighths of an inch a day during the hot months 
before the monsoon This evaporation from a channel, 100 miles in length, with an 
average width of 400 feet would amount to 80 cubic feet a seconcl • 
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17 Leonard on his report of 1865 gave a rough estimate of 20,000 cusecs tor the Leonard’s estimate 
percolation diBchari^e 30 miles above Calcutta This being 114 the tidal area where the probably largely 
discharge calculation is complicated by tidal conditions, has apparently been largely over- ^ 
estimated and it is not likely that under the conditions, any reliable results could be 
obtained by a rough measniement as Leonard admits his to have boon. 


18 The next source of independent supply to be considered is the discharge from 
the western tributaries of the Hhagirathi 

19. The Singhia Nadi draining th** Rajmahal bills falls into the Faracca channel gioghisNsdi 
and 18 , therefore, not actually a tributary of the l^agirathi, the first affluent of the river 

being the Bauslai entering below the first bend just above Jangipur The Baoslai rises 
on the western side on the Sontal Parganas near Sarmi and flows eastward through a 
hilly region. It spills lu low-lying country before reaching the Bhagirathi and this 
selves to regulate its discharge The river i«i usually dry from December to May, owing 
to absence of rain, but the run off in its catchment being rapid, it carries a discharge 
into the Bhagirathi with any early lainfall and the first rise at Jangipur and Berhampur Baosi»i 
IS, therefore, usually due to influx from the Banslai. Owing to the high rate of run off m 
its upper reaches, the river, as in the case of all these western tributaries, floods rapidlv 
during heavy rainfall and subsides as quickly The discharge consequently is very vari¬ 
able, as will be seen in statement J, being generally, however, below 10,000 cusecs The 
maximum discharge into the Bhagirathi is probably that registered m October li/l6 and in bwcbmrge of 
August 1917, being about 25,000 cusecs, but the actual discharge of the river m the upper ®*"*^*' 
reaches before it commenced to spill was greater and probably reached about 40,000 cusecs 
The extreme variability of the discharge is shown by the observations taken m September 
and October 1916 and 1917 The discharge of the Banslai rose from 239 cusecs on the 15th 
September 1916 to 22,823 cusecs on the 22nd September and fell from 35,970 cusccs on the 
3 a 1 October to 310 cusecs on the 30th of that month In September 1917 the ilischarge 
was 60 cusecs on the Ist and 9,851 cusecs on the 21st and the maximum and minimum dis¬ 
charges m October were 10,068 on the 7th and 258 on the 26th. 

20. The next tributary of the Bhagirathi is the Jumjumkhali nallaH entering just juinjumkhali 
below Berhampur This drains the Telkar bil to the westward and takes some of the spill 

* Tbe percolatioa sopptv io prob»bly Ur^st »t the beguuiiiig of the drj seeson while the soil is soddeo sod the level 
of wotet In the bills is high £• tbe toil dries doring tbe hot aontbs, tbe percoletion supply would be gndaally reduced 
till in June it wool \ be pmetlcalix nil * 
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from the Dwarka and Mor rivera ; at times it carries a considerable discharge into the 
Bhagirathi, the mean inflow measured in October 19X5 being 28,000 oaseos with a 
maximum discharge of 45,290 caseos. At other times when the Bhagirathi level is high, 
the water backs up into the Jumjumkhaii nullah and there is an actual flow upwards, thtf 
being nearly 400 cusecs m October 1916. This water later on, when the Bhagirathi level 
falls, pours oack into the nver. 

21. The Dwarka, or Babla as it is also called, falls into the Bhagirathi at Bishnupnr 
just above the Duttabati observation station With the abandonment ot the Harubhanga 
loop in 1913, the Bhagirathi appropriated the lower portion of the Dwarka channel which 
has been widened to accommodate its greatei discharge. The Dwarka is formed by the 
Brahmiui and Dwarka rivers which take their rise in the hilly country east and north of 
Dumka and combine near Sherptir, below which place they are joined by the river Mor. 
This river rises cast ot Deoghur, flows down westward ot Dumka and then widens consi¬ 
derably. After crossing the Oudal-Bainthia line ot the Bast Indian Hallway at Bainthia, 
t]ie river spills southward into various channels such as the Maurakhi, Kana and Kaya nadis, 
the latter being a continuation of the Salko river an intermediate stream between the Mor 
and Ajai rivers, rising noith utRaniganj These streams when in flood, spill into the low- 
lying Hejol area east ot Kaiidi, which acts as a reservoir, and then drain into the Dwarka. 

' 22. When the Bhagirathi level is high, the supply cannot be emptied quickly enough 

into that rivei and the water is headed back through the Dwarka and inundates the Hejol, 
flowing out again as the Bhagirathi level falls This spilling ground, therefore, receives a 
considerable amount ot deposit and the Hejol area is being gradually silted up.* 

23. The Dwarka when in flood CBrrie> a fairly considerable discharge into the 
Bhagirathi and though the greatest discharge measured since 1915, as shown in statement 
J, was 39,493 cusecs in October 1916, if the observation had been taken a few days earlier 
when its tributaries were m full flood, the discharge would probably have been found to 
have been very much greater. On the 3rd October of that year during abnormal floods, 
the Brahmmi was dischaiging a maximum of 24,494 cusecs and on the same day the Mor 
was carrying as much as 110,830 cusecs A large percentage of this spilled, but with the 
discharges Irom the Kuya nadi and otlier khais, a considerably greater quantity than 
40,000 cusecs must have entered the Bhagirathi. The Dwarka and its tributaries rise 
rapidly in flood and in the case of the Brahmim, the discharge rose from 166 cusecs on 
the 20th September 1916 to 15,495 cusecs two days later The discharge of the Mor rose 
from 1,137 cusecs on the 15th September to 57,504 cusecs ou the 22nd September. 

24 In October the minimum and maximum discharges ot the Brahmmi weie 62 and 
24,494 cusecs, and of the Mor 969 and 110,830 cusecs. 

2.5 The miQimum and maximum discharges of the Mor and Biahmmi were 1,125 
and 44,880 cusecs and 313 and 16,126 cusecs respectively, in September 1917 and 2,106 and 
82,896 cusecs and 258 and 10,068 cusecs respective!}, in October 1917 

26. The Dwarka, or Babla, flood water has a characteristic red colour, even more so 
than the Ajai and the hist appearance ot the freshet in the Hooghly is generally indicated 
^)y the highl} tinged discharge from this river, the Ganges flood having only the ordinary 
muddy colour 

27 The Ajai river has its source near Sarwaii N\est of Deoghur It runs down 
through hilly country ami in its middle reaches, the slope ranges from 4 to 8 feet per mile 
It receives the Hitigola river as a tributary, on its left bank just below the Pandaveswur 
Bridge of the Ondal-Saintliia line, and th^ Tumni Khal ou the right bank lower down. A 
third tributary, the Knnui iivi r, enters ou the right bank near Maugalkot, some distance 
below the crossing of the Bast Indian Railway loop line It subsequently flows through 
a low valley, entering the Bbagiiathi at Kaiwa The right bank is protected by embank¬ 
ments for a considerable length lietweeu the two railway lines and embankments exist 
for a short distance on the left bank above Mangalkot 

28. The Ajai is a torrential stream and as in the oase of Baiislai and Dwarka, floods 
quickly. ^It IB practically dry till May and then commences to bring down a dischargo 
with eaily rainfall over its oatchmeat Its actnal discharge into the Bhagirathi is very 
variable and is largely infiueuceil by ihe level of the latter river which, if high, heads 
back the supply, as in the case of the Dwarka The largest discharge actually measured 
in the past three years was 32,254 cusecs in October 1917, but this has probably been 
largely e'cceeded at other times, paiticnlarly in September 1916, when the record flood for 
half a century occurred on the river, but unfortunately no observations were taken for the 
discharge into the Bhagirathi at that time The late of discharge at any time in the 
lower reaches of the Ajai, as with all spill rivers of this class, is only a fraction of the dis¬ 
charge m the upper reaches before the river commences to spill the result of the over¬ 
flow of the river into the country on either side, is to len^hen the duration of the flood 
and so, though the total quantity may eventually be discharged, the actual rate of dis¬ 
charge is reduced. 

29 As illustrating the characteristics of the Ajai, a description from the Superin¬ 
tending Engineer’s report may be given of the record flood of September 1916 Owing to 
a storm which passed over the country at the end of that month, the rainfall over the Ajai 
catchment area was exceptionally heavy, giving an average of about 11 inches for three 
dayrs, representing a total quantity of about 1,640 million cubic yards over the basin. 

30. The total discharge at Satkahona which is situated on the river about midway 
between the two railw'ay lines and near Ilambasar, was calculated to be 1,082 million onbio 

* T am indebted to Mr J B Monk, fly Chief Eomneer, £ X H7, for tbeee and many neefal itnmf of iDfonaxtion 
rejnrdingtbe Hejol And other areaa, obtained in bis perboual recoonaiiMooe for the propoeed crow railway oonoeotloa 
from Kandi to Blmiramin 
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yardSy giving a rna o£E of about 66 per cent * The gauge at Satkahona rose from 3'>6'' at 6 
A* Mt on the 22nd September to the record height of 22'-8* at noon on the 23rd and subsided 
to 13' 6' at 6 A. M. on the 24th The maximum discharge at Satkahona ivas calculated to 
be 256,629 ousecs Ihe river spilled over the left bank into the Hingola and a breach 
occurred at the bridge over that river on the Ondal-Saintuia line The Ajai also flooded the 
country to ita south through breaches in the right bank embankments and through the 
Tumni Khat and Kunur river This spill together with that lower down, acted as a 
reservoir, reducing the rate of discharge in the lower reaches and into the Bhagirathi, but 
even then the level was raised sufficientiy to flood the town of Katwa 

31. The influence of the railway embankments of the Ondal-Sainthia and Loop hues 
which run across at right angles to the line of flow, was apparent, in causing pooling 
above the bridges The waterways in the bridges on the railway lines are presumed to bo 
insufficient and this would probably be no disadvantage li the embankments wore strong 
enough to make breaches impossiblo, as the reservoir action would regulate the discharge 
and prevent destructive flooding iii the lower reaches where the supply cannot be discharged 
quickly enough into the Bhagirathi However, with considerable pooling above the line, 
if a breach occurs, a flood wave is caused, which does more damage than a gradual rise. 
Owing to the obstruction of the Bhetlia bridge on the loop line, the bed of the river at that 
place was apparently raised and when fairly heavy rainfall occurred later on the 3rd 
October, another flood occurred. 

32. The flood levels of the Ajai since 18 j 7 show a tendency to be gradually raised 
and a comparison of sections taken in 1883 and 1916 at Betta and Basudah show a 
slight reduouon, indicating that the bed of the river is gradually rising. 

33. A seiious flood also occurred in the river in 1913 when, however, the discharge 
at Satkahona was about 180,000 cusecs as compared with 236,529 cusecs of the 1916 
flood 

34 The maximum discharge of all the tnbutaiics of the Bhagirathi with abnormally 
high floods in all tbe rivers would, therefore, be about 450,000 cusecs This of course is a 
condition which is never likely to be realised, as maximum floods are unlikely to occur lu^ 
ail the rivers Bimiiltaueously. These discharges again, it must be remembered, are only 
Tales foi a ehort period and in the upper reaches lielore the nver^s liegm to spill The 
corresponding rate of discharge into the Bhagirathi under the same maximum conditions 
would be about 195,000 cusecs, but this could never be obtained as the raised level of the 
river under the circumstances would tend to head back the supply, and so reduce the 
rate of discharge Under maximum conditions, as at the end of September 1916, Ihe'rate 
of discharge from the western tributaries into the Bhagirathi would be about 120,000 
ousecs, being the differeno* in discharges at Geiia and Katwa without allowing for slight 
reservoir action in the raising of tbe river level, under ordinary maximum conditions, 
the discharge would reach about 73,000 cusecs, as in October 1917 

35 The mean discharge from these western tnbutanes is now apparently about 
27,000 cusecs for the siv months from June to Novemlier, representing a total quantity of 
about 15,800 million cubic yards Leonard in 1865 calculated* from the best data then 
available, that the united diBchaige in times of high flood is over 3f)0,000 cubic feet per 
second, and during the remainder of tht rams for 3. to 4 months, about 70,000 cusecs 
These hgures are probably intended to represent the discharge biffore the rivers spill aud 
not the actual discharge into the Bhagirathi. From Leonard’s flgmes, Mr Vernon 
Haroourt estimated the average jearlx discharge of the tiibutarieb of the Bhagirathi at 
about 40,000 million cubic yards, but varying cousnlerably according to the rainfall. 
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This seems obviously overestimated and the same error vitiates his calculation of a 
maximum discharge of 650,000 cusecs past Calcutta which, as will be shown later, it 
would be impossible to obtain This maximum discharge he has obtained by adding the 
maximum spill from the Ganges of 200,000 cusecs to the maximum discharge of 450,000 
cusecs for the J hagirathi tributaries It will have been seen that this latter maximum 
discharge may possibly, under very evceptioniil conditions, be the rate before the 
'tributaries begin to spill, but with a simultaneous high flood level in the Bhagirathi, the 
supply could not possibly be discharged into the latter river. Flooding would inevitably 
occur in the valleys and the rate of discharge into the Bhagirathi would probably sink to 
less than a quarter of the estimated amount 

36. A discharge of 15,800 million cubic yards from the Bhagirathi tributaries would General mean 
correspond with a general mean run off of about 52 per cent from the 6,700 square miles ai[SIii!*ft 2 '^A°oent 
of basin drained by these rivers, during a year of average rainfall of 53 inches Taking from tbe baam 
the conditions of spill and the large amount lost by absorption, tianspiration and evapora¬ 
tion, thd eventual “ run off” into the Bhagirathi would probably not exceed this quantity. 

It will be noted that Mr Vernon Harcourt’s figure of 40,OlX) million cubic yards would With Vernon Hor- 
exceed the total rainfall over the whole basin in an average year by 31 percent., the run oourt’eestimate, 
off percentage in that case being 131 per cent isi per cent 

37. For the computation of the total discharge of the Bhagirathi, observation stations discharge of 
have been established and measurements taken at intervals of a few days, since 1914, at Bhagirathi 

the following places, Gena, Jangipur, Berhampur, JumjumkhaU, Dattabati and Katwa. Observation 
The Gena discharge gives the inflow from the Gauges , the Jangipur and Berhampur 
discharges include the inflow from tbe Hauslai, and the Jumjumkhali station records the 
total discharge with the supply from the Jumjumkhali nullah The Dattabati discharge 
takes in the supply from the Dwarka, and the Katwa observation includes the Adjai 


* The ran off m thu dutrtet may average as high at 80 per cent, bnt as tht. river spills m high flood, tbe cal- 
onmted percentage is natnarlly redncea 
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water. The observation at the latter station, therefore, gives the total snpplj* of the 
Bhagtrathi, inclnding the spill from the OauEea and the inflnx from all the western 
tnbntaries. The manner of taking the observatioo^ will be dealt with later, bat it may 
be here remarked that the resalts are in many oases nncertain, owing to thb wide^.^ 
differences obtained by the two methods and the discharges given may, therefore, be 
regarded only as fair approximations * 

38 It has been seen that from December to Jane, thore is asoally practically no 
inflow from the Ganges, some years being better than others For instance in 1911 the 
least discharge was 655 casecB at the entrance in January, averaging about 3,000 ousecs 
in the remaining months of the dry season, February to May, whereas in other years, 
the entrance was dry early in December and remained so till the Ganges level rose 
sufficiently to spill at the end of June. When the entrance is practically or totally closed, 
the discharge at Berhampur is the small amount, about 300 cus-^os, due only to 
percolation, but when the entrance is open, a fair discharge is obtained at Berhampur, so 
that an average flo^ of slightly over 1,000 cusecs was measured during March, April 
and May 1911. The discharge increases rapidly in July and rises m recent years to a 
maximum of about 80,000 to 90,000 cusecs in August. With the entrance better placed, 
or iQ improved condition, the maximum discharge would probably be considerably 
greater, particularly in a high flood year of the Ganges. For instance in 1885 when the 
Laltakuri breach was passing 50,000 cusecs, the gauge at Berhampur fell only 5l inches 
the first day and at a reduced rate thereafter, till it had fallen I'-ll* in five days On the 
6th day, the level commenced lo rise again though the same quantity was estimated to 
be still passing through the bieach The supply down the mam stream sufBcient to keep 
the g'tuge height near the record stage level at that time must have been at least 100,OJO 
cusecs, with a sectional area at l^erhampur of 30,000 square foet, giving a mean velocity 
of 3 33 feel per second which is not excessive The inflow fiom the Ganges must, there* 
fore, have been approximately 150,000 cusecs. 

39. In 1890 when a small breach occurred, the sectional area at high flood level was 
about 31,000 square feet Thin wa<} a record year of high le\ei8 even at Calcutta, so that 
a velocity of 4 feet a second may bo taken as a moderate estimate and this would give a 
discharge of 124,000 cusecs at Berhampur exclusive of the quantitv passing through the 
breach Trie influx from the Ganges may, therefore, be eatimated to have been nearly 
150,000 cusecs, as in 1885 This, therefore, may be regarded as the maximum discharge 
in a vear of abnormal floods, but it is doubtful whether the Bhagirathi could carry it 
without spilling, particulaily if the tributaries \^ere bringing down a fair discharge 

40. The discharge from these western tributaries under ordinary maximum 
conditions has already been estimated at about 7.1,000 cusecs, so that the dischaige 
of the Bhagirathi at Katwa may reach under abnormal conditions a maximum 
of 223,000 cusecs Extensive flooding would almost inevitably occur under these 
conditions of discharge, as, on the 25th September 1916, with a measured discharge of 
170,000 cusecs, the gauge level at Katwa was .53'82 above datum, only 8j inches loner 

^than the lecord gauge level of 1890, and the town of Katwa was flooded in parts The 
spill would regulate the rate and the maximum discharge obtainable in the Bhagirathi at 
Katwa may, therefoie, be taken as about 200,000 cusecs ' 

41 The mean disdharge from the Ganges during the freshet months from Ist June 
to 30th November in recent years appears to have been about 3.5,000 cubic feet a second, 
ropresentiug a total quantity of 19,324 million cubic yards The mean dischargo at Katwa 
would, therefore, he about 60,000 cus ‘cs for tho six months from Ist June to .’/0th Novem¬ 
ber and the total supply from th»- bhagirathi for this period would, therefore, on the 
average be about 35,(K)0 million cubic yards. For the remaining months, the total 
discharge would range from .500 to 1,000 million cubic yards, or, say, a total of 36,000 
million cubic jards for the whole year With higher flood years and with the entrance 
in better condition, or with greater precipitation over the western basin, the to^al supply 
to the Hooghly would piobably be over 40,000 million cubic yaids. 

42 The slope of the BhagiratM is variable and it 18 difficult even to determine the 
general slope with any accuracj, as, in the absence of recent surveys, distances for the 
upper pdit are only approximately known From Gena to Katwa, the fall is ordinarily 
about 29 feet, aud the distance being approximately 100 miles, the general slope w’OuM be 
3'48 inches to the mile From Jangipiir to Berhampur, a distance of approximately 
45 miles, the fall in the early months of 1917 was 13 feet, giving a mean slope of .147 
incbuB to the mile. It increased in the middle of June to 15 feel representing a slope of 
4 inches to the mile, but at the height of the flood on the 14th Angust the fall had been 
reduced to 1 r-8', giving a slope of 3 1 inches to the mile From Berhampur to Katwa, 
a (ifstauce of 48 miles, the fall in the diy season of 1917 was about 13'-6* representing 
a slope of 3 37 inches to the mile During ihe flood season, the fall varied considerably, 
as the variable discharge from the Babla and Ajai rivers affected the Katwa levels. The 
maxiinnm fall was 15 feet 6 inches and the minimum 6 feet, giving slopes of 3‘88 inches 
and 1 .> inches, respectively. The mean slope may, however, be taken as 3*4 inches to 
tho mile. From Katwa to Nadia, the fall increases, this being probably the effect of the 
various loop channels, such as the old Agradwip loop According to the present values 
of the Katwa and Bwarupgauj gauges, the fall is about 16 feet in the dry season in the 
distance of 41 miles, giving a slope of 4 7 inches to the mile. During the flood seitfon, 
It varies between 3*37 inches and 5 7 inches These slopes appear excessive, even with 
the various loop channels, and there seems to be some uncertainty about tbe valne of ihe 
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Swariipgunj gaago readioge which may be too low Making a general allowance for this* 
the slo 2 >e would be about 4*1 inches to the mile in the dry season, varying between 2*8 and 
5 1 inches during the flood mouths. The great variability appears to be the effect of the 
cutting througti of the great Agradwip loop, as the I'atuli Khal apparently is not yet Obstruction at 
capable of carrying the discharge without dithculty and then' seems to be some obstruction *’*^“** 
until the level rises high enough for the Agradwip loop also to operate freely 

4 {. Tho slope at the entrance is particularly variable, owing to the restrictions to 
the flow of water under present conditions Between Oeria and Jangipur, it appears to 
vary usually between 4 and 7 inches to the mile, but at times the slope rises as high as 
12 niches Statement K taken from the Executive Engineer’s dredging report for 
1912-13 shows the wide variations, the fall having been 3l inches in the hrst mile from 
Bishwanathpur, 13f inches in the second milo and 14i inches in the thud mile, with a 
general fall of 11 inches to tho mile m the whole length in that season. 

44. The total general tall of the river from Gena to Nadia may be estimated at c^ne»i mean bIom 

about 43 feet, giving a general moan slope of 3 66 niches to the mile *** * 

45 The proportion of Blit carried lu Biispensiou m the water of tho Bhagiiathi has ^siit oorned m 

not been determined by anj rocont experiments In 1904 on the J9th Aiigml, p'^aclically 
at high llootl level, tho Executive Eugiiieor, Murshidabad Branch, Eantern l^mgal 
Hallway, look a sot of ubsorvatioii i at diHereut depths m mid-siream and also neai inther MmnhulnbiKi*’ 

bank ot the river at Berhamimr Tho jiorceutage varied considi'rably, lint the mean jbancii, Bli 

result gave about ilSiJ grams lo the cubic foot corresponding to about 1* cubic luehes to a 
cubic foot In 1893, Mr C. G. Livesay, Executive Engineer, Nadia Rivers Uisision, 
carried out some ovteusive experiments at Berhampur. These were analysed by 18c,ibi"*inoh«*ton 
Mr Apjohu in hiB lecture on the subject at thi* Kibpur Engineering C’ollege lu 189.> cubic foot 
The tests were taken at different depths on three days in August and three da>H 
iQ November, corresponding to the flood and dry seasons The mean of all the 
ohsurvations gives a piopurtiou of 518 grains or 181 cubic iuche'> in a < iibic fool 
According to Mr Livesay’s experiments, the silt cained was in gioaier proportion 
und increased more rapidly on a rising than on a falling iiver and tins accoids witli of 

the general rule Mr Apjohn further dotormined a law ot arithraotical increase, on ribiuK nver 
showing that the proportion ot silt increased generally by one-tenth tor each toot lucmMiof 
below the surface It is jirobable that tho proportion ot silt cairiiid by tin* Bhagi- 
rathi’s tributuiieb, such as the Dwurka and x\jai, is somewhat giuatci than that gurfaL 
carrieil in the Ganges S]>ill water, but from other experimeuts at Calcutta, which will be 
refeired to later ou, though no absolutely reliable data have so fai been obtained, the 
mean projiortiou may be taken as 480 grains or 1 68 cubic inches, to a cubic toot without 
the (irubability of considurable error The total average quantity ol silt carried down in Total riuantity oi 
a year by tho Bhagiralhi would, therefore, be 34 million cubic yards representing a solid 
block 1 mile square und 33 feet tiiick Biu^'intbi 

40 It has been seen trom Mr Livesay’s experiments that the tleusity of the silt 
charge mcreabed with tho depth. As the bed of the Hhagirathi is much higher than the 
bed of tho Gauges, it follows that the sjull water entering tho river would be drawn irom that^G^ngM" 
the upper layers, carrying a smaller {iroportiou than the general Gauges silt charge and 
tins is borne out by the hgures already given Tho Ganges charge vanes fiom 575 to 
924 grams to the cubic foot according to different estimates , taking the mean as 
approximately 776 grains, this is about 5U per oeut greater than tho silt charge given fur 
the Bhagiiathi In a year when the entrance is well open therefore, the density ot the 
ailt eutoriog the river will bo gieater than in a year when the be I is high, and the w'heironti!lia.'i» ' 
jiroportion ot heavier sand to the mud carried in deposit will be greatei The bed of the well opBu 
Bhagirathi is composed of sand, the very hnely divided particles of mud being borne »«i of Bhagiratbi 
along in suspeusiun and settling only in sheltered places where the water is still 
Whon loft undisturbed for any considerable period of years, the deposit hardens into 
clay, tho fine mud deposit forming in the course of centuries the tenaciofis blue 
clay so common along tho courses of those rivers. In any cutting bank on the 
Bhagirathi, the deposit may be scon laid in woll defined strata of sand and mud, topped 
by a layer of mud from 4 inches to 4 or 5 feet in thickness, forming a rich soil for “ ““ 

vogetation The sand in these banks when attacked by tho current is cosily washed DiBiiacgration of 
out and consequently tho whole bank crumbles into the river As the high caving liaiiks 
are in the bights above the shoal crossings, the masses of disintegraleil material are to 
a great extent dropped where the current slackens on tho crossings und help to keep 
the bars high. This detritus also maintains the silt charge, more or less balancing the 
deposit which is continually taking place in sheltered portions 

47. The sectional area of the Bhagirathi at Gena below high flood level of 1890 Stction*i area 
was in 1914, 27,500 square feet. With the recent raising of the bed level, the sectional 

area has decreased progressively to 25,000 square feet in 1915, 24,720 in 1916, and in 1917 
it was only 22,700 square feet. At Jangipur, tho sectional area below the 1890 flood 
level was about 27,800 square feet in 1914, 1915 and 1916, and m 1917, it decreased to 
22,500 square feet. At Berhampur, the sectional aroa below the 1890 flood level was about 
33,300 square feet in the years 1914,1916 and 1917. In 1915, it was 35,2.10 square feet, 
and at Katwa the area below the 1890 flood level was 38,300 square feet m 1914, 
increasing to 47,600 square fset in 1915. In 1916 and 1917 it was about 43,500 square 
feet 

48. In order to give an idea of the present conditions of shoals m the Bhagirathi, sboaih in Bbagi- 
it is necessary to trace in a general way the history of the past few years In the year ^^^tbiBhralc 
l9l4>lo there were 40 important shoals in the Bhagirathi, 23 in iliu upper section and in tsu-is 

8 
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17 in the lower section and of these 26 shoals with a total length of 90,700 feet were 
trained. The least depth at the entrance fell to 3 feet on the 9th October when dredging 
was commenced. By the 20th Kovemhor, the depth was 2 feet 3 inches on the 
Lalkhandiar shoal between Jangipur and Berhampur the least depth had fallen to 2 feet 
and this was also the least depth between Berhampur and Katwa. The entrance was 
practically dry in December and in the latter half of the month, the flow was outwards 
from Gena into tho Faraoca channel, so that later to prevent this, a bund had to be 
thrown across the mouth. A channel was scraped through the sand by hand labour 
from the 9th December and this maintained a connection between the entrance and 
Jangipur, sufficient for light dinghy traffic till the end of March By the 4th December, 
the least depth between Berhampur and Katwa had fallen to only 1 foot and by the 
lllh Deoomboi, the least depth was 2 feet between Katwa and Nadia, falling still further to 
1 foot 9 inches on the I8tli December. Later at tho end of December the least depth 
was only 6 inches between Berhampur and Katwa and fell to 3 inches at the end of March 
In the section between Katwa and Nadia the depth improved at first, but for a week in 
tho middle of April fell to 1 foot 6 inches The river commenced to open again about 
the 11th June, when 1 toot depth was obtainable between Jangipur and Katwa and 3 feet 
between Katwa and Nadia By the beginning of July, there was 3 foot depth over the 
Moimntola shoal at the entrance, 5 feet between Jangipur and Katwa ami 10 feet between 
Katwa and Nadia 

49 In 1915-16, there wore .19 shoals in the river, 28 in the upper and 11 m the 
lower section of those 23 shoals with an aggregate length of 62,800 feet were trained. 
Thu least depth uL the entrance was 2 teet on the Lalkhandiar shoal on the 29th October 
1915 andHhe entrance was absolutely dry by the middle of Decemlier by January the 
flow from Gerii^ was outwards through the sand into tho Faraoca channel The least 
depth between Jangipur and Katwa was 2 feet 6 mohes on the 12th November, when 5 feel 
was available between Katwa and Nadia. By the 26th November the depth between 
Jangipur and Katwa tell to 1' 6' and between Katwa and Nadia to 3 feet, which dropped 
f urthei to 2 foot at the beginning of Deci mbor The least depth between Jangipur and Katwa 
fell gradually to 6 inches on tho 11th February and remained steady for the remainder 
of the dry season Between Katwa and Nadia the least depth fell to 1 foot at tho end of 
January and to 9 inches in the middle of March 

The usual rise took place suddenly at the end of June, on the 30th of which moutli 
10 feet was the least depth through the n\er 

50 In 1916-17 there were 58 shoals m the iivor, 43 in the upper and l.'i in the 
lower section of these 25 with an aggregate length of 59,400 foot were trained The least 
depth ut the entrance fell to 2'b* on the Lalkhandiar shoal on the 27th October The 
channel was practically dry with only 3 inches on tho 12th January and the outward flow 
into the Ganges commenced in February 1917 Tho least depth fell to 3 feet between 
Jangipur and Berhampur on the 10th November and to 2 feet between Jangipur 
ami Katwa on the 24th November, when 5 feet was available between Katwa and 
Nadia In the beginning of January only 1 foot was tho least depth between 
Jangipur and Katwa, while between Katwa and Nadia tho depth had fallen to 2'3*, 
which dropped to r 9" 9.1 the end of that month, but improved again to 2 feet siibse- 
quenlly For the remainder of tho dry season 9 inches was tho least depth between 
Jangipur and Katwa and 1' 9” to 2' .3” between Katwa and Nadia 

51 In 1917-lK theru -wore 62 shoals in tho river, 47 in upp'*r ami 15 in tho lo-wei 
section, of which 28 with a total length of 79,000 feet were trained The least depth at 
the entrance fell to 2' 6” on the 9th November and the entrance was quite dry by the 
2.lrd November 1917. The least depth between Jangipur and Katwa which was 3 feet on 
the 9th November, fell to 1 foot on tho i6th November, but improved to 1' 6' by the end 
of the month when the depth between Katwa and Nadia was 4'6*. At tho beginning of 
JanuaryBl918, 1' 3* was available between Katwa and Nadia These depths fell to X foot 
and 2 feet, respectively, by the end < f February and remained at about these figures till 
the river commenced to rise uC the end of May below Katwa and the middle of June 
below Jangipur. 

52 The following statement shows tho lea^t depth in each section of the river during 
the dry season and the maximum depth during the flood months in the past six years 
It will ho noticed that with an increase of stage of about 24 feet, the maximum increase 
of depth IS from 4 to 9 feet less 


Lbabt Depth. 


Maximum Depth. 


Sections 


. 1913 1914 1915 1916. 1917 1918 


1913. 1914. 1915. 1916 


Ft in. Ft. in. Ft in. Ft in Ft in. Ft m. 


Ft in Ft in. Ft in Ft. m 


From entrance to Jangi- 1 0 
pur. 

Jangipur to Berhampur 1 0 

Berhampur to Katwa ..1 U 
Katwa to Nadia ... 1 0 


4 Dry Dry Dry Dry 

0 0 6 1 0 0 9 1 0 
00306091.1 
616091 9 19 


18 0 21 0 15 0 16 0 

19 0 19 6 18 0 20 0 

20 0 21 0 18 0 20 0 

20 0 22 0 19 0 31 0 
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53 Before prooeedmg to deal with the general questions of deterioration and the 
methods of improvement which have been employed, it is necessary to consider the 
present conditions of the Bhairab-Jalangi and Mathabbanga rivers, so far as the informa¬ 
tion available, which is unfortunately scanty, permits 

54. The Bhairab, as stated before, opened in 1874 and m the eighties developed into 
the main entrance channel of the Jalangi It now takes olT from the Ganges about 10 
miles west of Akriganj. The level at the latter place is usually dead at a mean height 
since 1890 of 43' 1* above Kiddorpur Old Dock Sill till May. It begins to rise usually at 
the beginning of June and generally by the end of that mouth reaches the .50-feot stage, 
rising to the 80-foet stage in the middle of July The maximum flood level at a mean 
height of G9' 4* is attained usually by the end of August and by the flrst week of October 
the level has fallen again to 60 feet, returning to the 50-foet stago by the flrst week m 
November. 

.55. The fall of the river from Akrigauj to Swarupganj near Nadia varied, according 
to present values of the gauges, between 27 and 39 feet, in 1917. At low flood the fall is 
about 34 feet and at high flood 33 feet, the mean fall being approximately 3.1' 6* which 
might require a minus ooirection of about 2 feet As the length of the river between the 
stations 18 approximately 140 miles, the general mean slope is only about 2 7* per mile 
The discharge dating the dry season is. as in the case of the Bbagirathi, due to percolation 
amounting in the lower reaches to about 400 cusecs In the flood months the discharge 
IB practically all spill from the Ganges with some surface drainage The chief Observation 
station IS at Tilakpara above Pan<litpnr, but discharges are also measured at Akriganj. 
The maximum discharges at the latter station in 1914, 1915 and 19lG were 8.5,000, 78,000 
and 79,000 cusi'cs, respectively. The Hhairab bifurcates at Banti below Akriganj whore 
the old Bhairab diverges, taking ofl a certain amount of flood spill, but Ihis stream 
imters the mam river again at Muktiarpur, where the latter receives also the old Jalangi, 
carrying the flood spill Irom the Sialmari river Information regarding the present 
quantity of this increment is not available, but it cannot be a consKlorable amount and 
when the Uhairab level is high, the water in the Jalangi channel is backed up 

56 Th<' m.iximum discharge rocor<lo<l since ]91.> at the Pandilpur Station was 
84,900 cusecs by Kntter’s formula and 69,9(M) by the float method and in a record year 
such .48 1890, it would probably reach 100,IKK) cusecs, but spilling would occur, and if 
the Bhagirathi level at Nadia was high the rivers would mutually restrict each other’s 
discharge 

57 'I'he moan dischaigo during the flood season from Ist June to .-lOth November 
appears lo have aver.igi'd recently about 31,(KK) cuseca, representing a total quantity of 
18,(XM) million cubic yards Tin* total discharge foi the whole ye.ii would probably be 
.ibout 19,.5(X) million cubic yarils 

.58 The silt proportion being taken as the same ns in the Bhagir.ithi, the tola! 
quantity brought ilowii in a year would !>«* appro*cimately 171 million cubic yards 

Though caving action is very marked in places, the banks of the Jalangi in the 
lowei section appear to ho of fairly stifl material arni do not usually present the legular 
strata of mud and loose sand seen in the Bhagirathi 

r»9 In the year 1916-17, 13 important shoals in the river with a length of21,48.5 feet 
were trained. The loilowiug statement shows the least and ma\imuiii depths in the 
Bhairab-J.ilangi sinci* 1913 — 
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60 The Matabhaiiga takes ofl from the Ganges just above the village of Jalangi 
at the old Jalangi entrance. Ganges are established .it Dew.ingauj, about 7 miles from 
the entrance and at llanskhuh in the Chnrni uliout 24 miles fioui the outlet into the 
Ilooghly near Chakilaha, the river channel between the stations being .qiproximatoly 
95 miles in length The river level at Dewaiig.mj usually hogins to rise in the middle 
of June from the moan de.id level of 42' 9* and attains its mean maximum height of 
64' .3* since L90G, generally about the end of August There is usually a subsidiary rise 
and the level falls fiom the end of September Tho entrance is usually dry in the cold 
season 

61. The fall from Dewanganj to IlanskhaU in tho dry season is 28 to 29 feet and 
vanes during the flood season between 33 and 25 feet, the greater tall being when the 
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iiiandation first afi^eots the Dewanganj levels and the less when the Orest of the fiood 
wa^e has passed into the lower section. 

The mean fall is about 28' 6* which in a length of 95 miles gives an average slope of 
about 3*6 inches per mile. 

62. The maKimum discharge of the Matabhanga at Devranganj as recorded in 
1914, 1915 and 1916 was between 22,000 and 23,000 cueece, bnt this has been probably 
underestimated and the maximum discharge would probably reach from 36,000 to 
40,000 ousecs At Hanskhali the maximum discharge in the past tliree years ranged 
between 10,000 and 12,000 cnsecs, the surplus being taken away by the Kumar and 
Icbhamati rivers. 

63. In 1917 with a sectional area of about 5,000 square feet at Hanskhali, the 
discharge was approximately 12,000 cnsecs so that in a record year such as 1890 
with sectional area of about 6,800 square feet, the discharge might reach to 15,000 to 
16,000 cnsecs, but, if the llhagirathi and Jalangi discharges were simnllaneousW 
pbnormal, the Matabhanga discharge would be restricted owing to the raising of th«‘ 
Hooghly level The mean dischaige into the Hooghly during the freshet months from Ist 
June to 30th November according to figures in recent years, appears to average about .'),500 
cusecs and the average total discharge during a year is about 3,400 million cubic yards 

64. Taking the silt percentage as before, 1*68 cubic inches to a cubic foot, the 
average total quantity of siU brought down in a year would bo 3 million cubic yards 

65 Ihe percolation supply during the driest months apjiears to average bidwoen 
400 and 500 cu8<*or and as the river widtlis are much loss than in the Bhagirathi and 
Jalangt, this sufiices to keep a fair depth in the lower section, as will be seen in 
the accompanying statement, showing the least and maximum depths in the river since 
1913. 
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Vanution <>{ doi'iii 66 The mannor m whicli the depth at tlio entrance vanes is shown in the records of 

«t entmnet recent years In the dry 8e«iRnn ot 1915 the entrance was dry, bnt the depth increasod 

with the rise of the river till the middle of August, when l.l feet 6 inches was available 
with a rise of stage of 18 toot A week later with 1 foot more on the gauge, the deptli 
at the entiance had fallen to 8 foot and still inrther to only 6 feet 9 inches by the end ol 
August. On the 10th September at high stage level, the depth was 7 feet 6 inches with a 
rise from low stagi* level of 20 feet and on the 17th Septeinhei with n fall of stage of 
2 toot, the depth fell to 3 feid, so that the bed level had risen about 14 feet since the 
beginning of the year It then scoured down till at the end of the year, the depth had 
i alien only 2 feet with a fall in siage level of nearly 20 feet In the previous year 1914, 
at high stage level on the I4th August, the depth was 22 feet as compared with 13 feet 
6 inches in 1915 From 17 feet on the lUh September the depth fell rapidly to 3 feet on 
the 9th October, when the stage level was 3 teet 6 inches lower than on the 17th Beptem- 
lior 1915 In 191G the maximum depth was only 13 feet ou ihe 8th September with a 
rise of 23 foot from low stage level aud yet did not fall to 3 feet till the 15lh November, 
when the stage level was 8 feet 6 inches lower than when the depth fell to 3 foet in 1914 
and 12 feet lower than when it fell to the same depth in 1915. 
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8Uiiim«i»y of DiMhOpgoo and Silt eanriad by Nadia RIvana—roMc/J 


Orttnury ,„ul .l«oh.rge. to, .hole y«., 


I^hagiratht ... .)6,()(K) million cubic yards d5,(HX) million cubic yards 
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This represents a cube ol matti'r one mile square and .521 feet thick 


CHAPTER IV. 

Alleged deterioration of the Nadia Rivers and suggested 

remedies. 

Tli<‘ lamentable jiaucity ot material data and records makes it diihcult to find a 
sacisfactoiy solution to the vexed question whether Iheie has been a progressive 
deterioration in the Nadia iiveis 

2 From the history which has already been given, it will have been seen that the 

livers pass through successne phases of deterioration and improvement, the conditions in 
each caH(‘ being largely governed by the situation and state of the intakes troni the 
tlaiiges which vary continually Theso alteinalions of good and Itad periods help to mask 
the general tendency and iii the absence of continuous records are a 2 >t to mislead the 
casual investigator ‘ 

3 The geneial and progressive deterioration of the livers involves two factors 
influeiicing their discharge, ami theso are tlio general raising of their bed levels in lelation 
to the parent 8tre.im, the (laiiges, and the reduction of their capacities as expressed in 
terms of sectional area The general raising of bed level would be shown b> a compuriHoii 
of lungitndiiial sections along the axis of the river taken at intervals, but unloriunalely 
one longitudinal section of the Ithagirathi only is availuiile, and that taken us n^cently as 
1913 by Mr Cowley In the absence of a senes of previous comparative sections, this 
IS useless for the present purpose 

4. A reduction in capacity attending elevation of bed level may also be shown by 
the diminution of ciOiS sectional areas along the river channel. This, however, in a 
iivei with an unstable regimen and varying sectional areas is a diihcult pioblem where the 
coinpaiativo sections available are few and isolated, owing to the uncertainty a^ to exact 
position where the later sections should be takou for comparison With a channel and 
cross sectional area both vaiying, it is obvious that cross sections taken at exactly the same 
l)lace, which at one lime ma} be in a bight and at another in a straight reach, may give 
very misleading results, especially if taken at dillerent seasons 

5. Comparative sections are available at Juugipiirand Herhampur taken in the years 
1H60, 1877, 189.5 and also in recent years. At these Btations the sections gave the follow¬ 
ing areas below High flood level of 1890 — 

Te'ir Sectional area « 

Sq ft 

1800 26,050 

1877 .10,.MM) 

1895 26,500 

1916 27,81K) 

1917 22,,500 

I860 39,0(K) 

1877 .14,640 

1895 ,U,2{0 

1915 .I5,2.i0 

1916 33,300 

1917 33,180 
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6. The results are, as migbi be e'cpected from single sections, indefinite at both 
places, though at P>erhampur there are indications of a contraction in sectional area 

7. It has already been pointed out that at Gena with the Inoreasingly unfayonrable 
coudition of the offtake, the sectional area has diminished progressively in recent years 
from 27,500 square feet in 1914 to 22,690 square feet m 1917. 

8 The progressive general elevation of bed level may also be determined by Us 
effects on the river levels at high and low stages and particnlarly on the latter. Gauges 
have been in existence at various places for a considerable number of years and though, 
till quite recently, them was some uncertainty regarding their relative values, the records, 
if continuous, could without difficulty have been co-ordinated. Unfortunately, themajority 
of early riM^ords appear to havo been mislaid or destroyed and thi* only complete senes 
now available are the Berhampur gauge levels which extend back no further than 1861 
These have been reduced to the present datum value of Kidderpore Old Dock Sill and are 
shown graphically on Plate No 1 together with the levels at Jangipur and Katwa since 
1890, simiiarl} reduced The Uerhampur high and low flood levels have been meaned in 
periods of ten years anil an examination of Statement C will show u gradual progressive 
rise of the average high flood level fiom 64 feet above datum in the decade 1861-1870 to 
66 feel 8] inches m the period 1901-1910 Making adequate allowance for reduction 
in level on account ot breaches in the embankment, the rise in average flood level 
at Kerhampur was approximately 2 feet 6 inches in th>‘ forty years separating the decades 
under consideruion Subsequently the mean flood level fell and in the past seven years 
was 6.5 feet .1/ inches, iliat is 1 foot 5 inches lower than the immediately previous average 
and yet 1 foot 4 inches higher than the average in 1861-1870 This high flood 
level IS of conrso largely dependent on the Ganges flood level of which there are unfortu¬ 
nately no reliable lecords extending so far back, but the consistent and progressive rise 
in each successive decade till the last, is signifloant in the absence of any indications of a 
corresponding general rise of the Ganges level The fall in the last seven years, in 
spite of an apparent rise of the average Ganges level at Kampur Boaha in the same period, 
can only he attributed to the very unfavourable position of the intake, and an 
examination of the Gena and Jangipur records (Statements A & B) shows a coriespondiug 
fall of 1 foot 2 inches since 1890 

9. In some quarters a general rise in high flood levels is regarded as a necessary 
accompaniment ot embanking a river and is taken to indicate a raising of bed level It 
18 true that at first the construction of embankments by confining the spill water to 
tlie river channel raises the flood level, but iii alluvial Blreams not ton he.ivily charged 
with silt, the channel generally re-acts to the grontei discharge by increasing its sectional 
area .ind the tendency later is to lower the bed le^el lather than to raise it and the flood 
levels respond by falling Mr. B M Hamuelson arriwd at this conclusion in his note 
on the lirawtiddy and this is supported by the eflecl of levees on the Mississippi, which, 
according lo the report of the Chief of Knginccrs, U K. A, 1912, indicate a decided 
depression of the bed fqr a laige portion of its length and point to a general enlargement 
of the cross sectional area of the stream below the high water banks ** 

10. The BhagiriUhi is a typical alluvial spill stream flowiug through a bed of Us 
own formation and caigrying a charge of very flne sand and silt It difTere widely from 
torrential streams such as the Tista and Dainodar which carry a heavy grad(> of sand, 
which iw rapiilly transjiorted to a spilling gsouiid where the slope is much timIucihI In 
these cases a rise of bed level may possibly be expected, should tlio deposit be restricted 
to the liver channel by omhankments, as has been observed in the cases of the lower 
channels of the Reno and Adige rivers in Italy. 

11 Tue Bhagirathi embankments ha>e been m existence for a considerable number 
of years .ind in the circumstances, the rise in flood level cannot be ascnlied solely to 
them However, as there seems no evidence that the Ganges flood levels have been raised 
correspondingly, the elevation must be attributed in part at least to a raising of bed level 
in the half century through natural deterioration and the fall in recent years is probably 
due to the restriction in dischaige beyoml a critical point 

12 A more reliable Unit, however, is adorded by a comparison of the low stage 
levels. As stated before, the low stage level ul Berhampur is dependant on two factors , 
percolation and supply from the Ganges The former may be regarded as practically 
invariable and as the occasions on which the entrance has been sufficiently open to affect 
the levels consideiubly have been lare, the general variations from this source will 
be largely eliminated by taking ten year periods. 

l.b Now examining the I’erhaiupnr gauge curve on Plate No. 1 and also State¬ 
ment C, the gradual progressive rise of the low stage level is very clearly revealed. 
'Where .50 years ago the low stage was generally 36 to 37 feet above datum, the level now 
only falls to 40 and 41 feet. The progressive rise is oven more clearly marked if the 
influence of the Ganges supply when the entrance was open, is taken into consideration , 
for instance m 1871-1872 th» opening of the Chanrasia intake raised the level from an 
average of about .17 feet suddenly to 40 feet and again in 1885-1886, the Kaligunj 
entrance had a somewhat similar effect 

14. In recent years, except 1911—where the influence is marked—we know the 
entrance has been osually dry and in fact there has been a flow outward info tne Ganges 
and yet the low stage level at Berhampur is consistently higher. As this is, therefore, 
dopeiiduiit only on the fairly invariable and very small percolation discharge, the only con¬ 
clusion there can be is that the bed level must have risen'Since the middle of last centnry 
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15. The extent ot this nee was feet 8 inches in the forty years separating the 
decades 1861-1870 and 1901-1910, at the rate of jnst over an inch a year In the last 
eight years, the bed has not risen appreciably, but this may be only a temporary phase, 
sach as in the sacoessivu decades 1871-h() and 1881-90. 

16 Turning to Statements A and B, we find there has been a corrospoiiiling rise 
in the mean low stage levels at Gena and Jangipur amounting to and Ih) inches, 
respectively since 1890, and 14 inches ul Katwa in the same period. , 

17. The general raising ot the low stage level indicates a progressive elevation 
of the bed of the Bhagirathi since 1861 The significance of this cannot be appreciated 
except in relation to the Gauges low stage level. If the latter has been raised fniri 
the development is natural and does not imply general deterioraliun, otherwise 
the position is very much more seiiuus, but even so, it would be neuessary to show that 
this tondenoy is not along peinKl phase and has always been in the same direction 
It is here at this critical point that tbo lack of earlier records becomes keenly fell, 
preventing any certain determination of tins crucial point « 

It will be noticed that the only river which hliows a fall in low and high Hood levels 
18 the Bhairab at Akriganj The low Hood level fell generally from 47 feet 5 inches and 
48 feet U inches in 1890 and 1891 to {19 feet 9 inches and .18 feet 9 inches in 19(KI and 
1902, and then giaduallj rose again The mean high fiuod level fell from >70 feet 
11 inches in 1890-1899 to 08 feet .') inches iii the decade 1900-1909, but incroa'^ed again 
to 69 foot 6 inches in the past eight years This is ot course explained by the lact that 
the Bbairal) mouth was open fur the greater part of the middle dec.ido, when it will Ih) 
seen, the mean range ot stage was a foot and-a-half greater than in the pii'viuiis and 
ioUowiiig periods No general dt diictions cun, however, be drawn from these hvels as 

situation of Akngunj at the entiancu of the rivei makes the levels liabh* to great 
fiuctuations due lo local causes, as at Gena in the Bhagiratbi 

The gauge uoonls at Sv^arupganj which would have allorded some indication are 
unfortunately inutili/able, as the lowest water readings have not been Recorded in the 
dry Boabon when the levels are allectcd by the tides 

18 Ab regards the (■.inges low stage level, the Kainpur Hoalia records which roach 
back to 1885, certainly nnlicate a slight elevation since 1890, but there are reasons to 
doubt the reliability of these records and no concloBions om* way or another Can justifiably 
be <Irawn from them It is natuial to suppos'' under the cundilioua since the end of the 
eighteenth century, when the Hraliiiinptilru mam btream poured into the Ganges channel 
at Goaliindo, (hat there has been a natural raising of th<* (i.niges bed above tbe point ot 
junction, but a rate of elt vation ot the bed of even throe-fourths of an inch a year, 
would in a hundred years have ainoimtad to over 6 fool This would naturally allect 
the high Hood levels, nnb ss compensated for by inonasod slope owing to the straiglitening 
of the channel which has undoubtedly occurred and which may not have reacted on the 
bed owing to the varying cuuditions of discharge of the two livers 

19 The conditions of level in the Ganges at tho Nadiu Rivers appear undoubtedly 
In have changed since the junction of the Brahmaputra Reniiefl in Ins Account gives a 
'scale of rise' for Jalangi jnd Dacca, in which the lange at Jalaiigi is taken as 32 feet 
He explains that the observations were taken in a year when the nso was more than 
usual and suggests that the rise normally would be about .U feet The greatest rangt* 
in the past 33 years at Rampur I'oaha was 29 feet 1 \ inches in 1885 and the rise since, 
18 generally lower, showing that the rise in stage is now not so great as in Renucll’s time 
before the Brahmaputra entered tho Ganges at Uoalundo The fall in stage level appears 
to have occurred early, as in a statement of depths in tbo Nadia Rivers, liy Major Lang 
in 1853, the average “total rise of river at entrance’* from 1840 to 1853 was only 23 feet 
6 inches and the greatest rise was 2S feel 7 inches in 18t7 It is uuooriain whether thistolal 
rise refers lo tho Ganges, but even if it was lueasureil on a gauge inside the entrance 
of the Bhagirathi, the range in the Gauges could not probably lie more than .i foo^ greater, 
as the Bhagirathi entrance was open with a depth of 2 feet or more for ten years in tho 
fifteen under consideration 

20 At Gena the average range of stage in the 28 years since 1890 has been 25 leet 
81, inches, or over 2 feet greater than the range from 1840 to 185.1 It seems, th»*ref ore, that 
the Ganges fiood levels must have fallen considerably after the combined iivi'rH diweloped a 
satisfactory outlet into tho Meghiia, and the tendency subsequently has been fur them 
to be raised again 

21. The probable nse in bod level of the Ganges at the Nadia rivers would minimize 
the present signifioanoe as regards deterioration, of the rise of bed at Berhanjpur, as 
witbont'a oorresponding extension of the Hooghly outlet into the Bay, the elloct would be 
simply to steepen the slope of the Bhagirathi This has an element of danger for the 
future as the country through which the rivers run has not boon correspondingly raised 

22. The phase may, however, be only temporary and with a satisfactoiY miet, or 
during a period of higher floods, the bed level may again bo lowered, though in the 
process a great strain will be thrown on the embankments 

23. If tbe Ganges bed level has not risen, the rise in low stage level at Berham* 
pur undoubtedly points to deterioration since 1861. The same rate, however, cannot 
have been maintained from a much earlier period, as m that case the bed level 
in relation to the Ganges would have been riised to such a height that the slope 
of bed from the entrance in the dry season, would have been much flatter than it 
IS and the obstructions, or bars in the channel would have become more numerous 
and 10 much greater than in past times as to be obviouii. Therefore, tbe only 
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test wliicii remaina, in the absence of comparative sections and continuous gauge records, 
18 the evidence as regards the difficulties ’ of navigation. Before considenug this, 
however, it is necessary to deal with a point which has considerable bearing on the 
matter. It lias been pointed out that the low stage level of the Ganges usually falls 
below till* bed level at the entrance iif the bhagirathi, but this level varies in height in 
dtlferent years. When the loi^ stage level is above the average, the difficulty of providing 
a how through is natural!} nut so great us at other times Now according to the figures 
supplied to Ma^or Hirst, an average of 7,5(M) cusecs were taken in during the dry season 
mouths at the headworks of the certain systems of tbo Uangetic canals between 1894 and 
1914 and Mr Nethersole, Inspector-General of Irrigation, informed him that a maximum 
amount not exceeding 10,(KK) cusecs was probably abstracted from the Ganges hy all the 
Ganges canals. This would be an unuoticeable quantity when the Ganges was carrying 
its full fiood discharge of 1,500,000 cusecs, but becomes a large fraction when during 
the dry season the discharge has sunk, according to Sir Francis Spring to between 40,(KX1 
and 50,0(X1 cusecs near Sara, vtde plate 0 

1^4 The quantity taken away is then from I.*) to 20 per cent of the whole discharge 
and this loss must hav(> afTtcted the low water levels since the canals were opened, 
probably causing a general reducuon in level of over a foot, thereby increasing to that 
extent the difficulty of niuintaining the entrances of the feeders open to the Ganges 

25 The oarhost reference to obstruction as already stated is that of Taveriiiur, that 
the Bhagirathi head was dry in 1666. A hundred years later in Hennell's time it was 
again unnavigable in the dry season by boats and the head was, therefore, either dry 
or hu<l less than 2 teet of water.' In the evidence of the Hooghly Enquiry of 185.1, 
Colonel Forhos alludes to a report that the head of the Hhagirathi was closed by a sandbank 
15 feet high,probabl}aBboQt 1780 Again m 1797 Captain Colebrooke stateil that the rivers 
weru not usuull> navigable throughout during the dry season, though the Bhagirathi was 
open throughout in 1796 tor boat traffic 8omo of the trouliJes in these early years was 
undoubteiUy dife to damage caused by trues which fell into th(‘ rivor, and wrecks which 
were not lemoved and torinod snags In 1819 the consorvanc> of llie rivers was taken 
m hand, attention being first paid to the Matabbanga, and we know that the Bhagirathi 
closed in March 1824 when a sandbank lorined across the entrance 

26 In the liistory of the river, Lang’s report already given in page 25, it will be seen 
that between 1821 and 18.18 the Bhagirathi never proviiied a depth of 3 feet throughout 
ilio dry season, except m one year 1825 and this was in spite of cuts un<l bantlalling Tbo 
river entrance on ocCtisions closed with less than 2 feet as early as November and in 1830 
in that month, the bed in the upper portion of the river was said to be nearly level with 
the surface of the water in the Gauges in many places It is a significant fact that in 1S.15, 
as so much trouble was evperiencod in maintaining the river channels, it was decided to 
give up the attempt to keep the rivers open and all works weie stopped for two years 
This was at a time when the maiutenaiice of the rivers was of groat importance, as they 
were then the chief bigh\yayu of traffic connecting Calcutta with Upper India 

» 27. A cut through a still mud bar at the entrance of the Bhagirathi m 1837 appears 

to have etlucted considerable iiiiprovemeut and opened the channels, which provided with 
bandalhug o>er3 feet throughout the dry season of 1838 The entrance was kept with 
a depth of 3 foot and over till 184.5, though the channels lower down provided at times 
only 2 feet .1 inches. Subsequently, as will be seen in statement M, the Bhagirathi 
frequently closed altognthcr again and from 1851 to IHoS this occurred by February, 
the river being iiunavigabie in the latter year by December. In these years also the 
least depth below the entianoe was practically ml. 

28 The .lalangi was kept o^ien for small boat traffic throughout the dry season in 
early mouths ot 1825,1829,1830,1831 and 1834, but in the remaining years between 1821 
and 1847, the channel closuil sometimes as early as December 

29 (The Matabbanga was open under abnormal conditions in 1795 and again from 
1809 to 1818 The closing of the Kumar offtake resulted in a depth of 3 feet being main¬ 
tained throughout the season 1821-22, but for the remaining years till 1847 it was never 
navigable throughout the dry season below the offtake of the Pangasi river 

30 In the past twenty years, the rivers have not been open throughout the dry season 
for boat traffic on a single occasion For the greater part of this time the Bhairab 
Jalaiigi provided the best depth and was open throughout the dry months from 1902 
to 1907 with depths of only P-9" and 2 -6". For the past four years, the three rivers have 
hud their offtakes entirely closod by sandbanks m the dry season and the Bhagirathi 
entrance IS at present blocked by a sandbank 10 feet high, which however is not so bad 
as the condition about 1780, as reported by Colonel Forbes 

31 The number and obstructiveness of the saiidbanks along the course of the 
river appear, however, to bo somewhat greater now than in 1830 which was an excep¬ 
tionally bad year for that poriod, for the Bhagirathi, when in November, there were 23 
shoals with loss than 2 feet depth lietween the entrance and Nadia , whereas in 1917 
there were 25 similar shoals in the whole length of the river at the same soaeon. 

.12. The waterways were in past years largely used by steamer traffic with the 
Upper Ganges and even with Assam tua Goalundo, the saving m distance, as compared 
with the Sandarbans* route, being very considerable The rivers are now rarely used 
by occasional steamers and in fact since 191.5, the service by the larger Inland Steam 
Companies has been abandoned and the pilots withdrawn This policy has, however, 
been largely dictated by economic reasons and is not entirely due to greater difficnlties 
of navigation as is sometimes supposed. Railway competition with the Upper Ganges 
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distriots was found too strong for (he Steamer Companies^ and at the same time increas- 
ing trade with the Hartsal district served to divert the remaining traflic into the 
Sundarbans' route. The abandonment of the Nadia rivers in this respect naturally 
tended to foster an impression of general deterioration 

33. An endeavour has been made to obtain information regarding the use made of 
these waterways by steamers, particularly the first and last vessels passing through each 
season, as this would furnis'i a very fair test of the increasing difficulties of navigation 
The records at the toll stations on the Phagirathi and Jalangi are unfortunately not 
available before 1902, but in th» Berhampur gauge book, entries have been made of 
steamers passing the station between 1361 and 18H9 These entries are for the most 
part casual, and obviously do not in every year include all the vessels, but particular 
mention is made at times of the first and last steamers of the season. 

34. Captain Brame of the India General Steam Navigation and Railway Company 
has kindly furnished a record of the vessels using the rivers since 1889 and various other 
useful information in this respect, and such records of the steamer traffic as are available* 
are tabulated in statement N 

35. The first mention of a steamer using the Nadia rivers, is in Branch Bilot Fust steamer 
B. Ransom’s evidence before the Hosighly Commissiofi of 1H44 “On referring to my 

private journal of 18.10, 1 find'-we left Calcutta on the Nth October 1830 in the steamer RiVerf, iseo 
^Hooghly* towing the * SaonamQkee ’ with Lord W Bentmck and suite; tl^e steamer 
drew 4 feet 6 inches. On the 21st October we passed through the Jellmghy into the Ganges 
with nothing less than 6 feet , I observe by the reports of the Superintendent of those 
rivers, that no such amount of water is to be got now, so late m the season as October and 
November, consequently the steamers are obliged to go via the Sunderbuns, an increase 
of distance of 300 miles. At the date 1 mention, 183tl, there were used at the entrances 
of the Bhagirathi and Jalangi, dredging boats to keep the moutllB of these feeders open 
as long as possible, and as eirly too , consequently we had a longer and stronger gush of 
water into the Hooghly.*” ' ■» 

36. This IS a-good example of casual pecsonal opinion, assuming that deterioration 
was general, because conditions happened to be better in a previous year with which the 
witness had acquaintance From Lang’s report, it will be seen that 1H30 was an except 
tionally good year of that period for the Jalangi and large boats were able to use the 
river till December, but previous to this, in the years 1826, 1827 and 1828, the conditions 
were not so good In the past five years, 1913 to 1917, the depth of the entrance of the 
Bhairabat the latter end of October has varied between 3 feet 6 niches and 5 feet, which 
under the present conditions compares very favourably with the state of the Jalangi 
entrance 90 years ago 

37. These rivers have apparently been alternately taken as steamer routes 
as one deteriorated and another improved, but the Jalangi and Matabhanga owing 
to their sharp bnids and restricted channels have seldom or never been used for 
downward navigation and more use has generally been made of the Bhagirathi 

.38. Captain Brame stit«)s “The Jalangi was us^d for mam line steamers proceeding * 
from Calcutta to Goainndo or Assam during the rains from 1858 to 1866 It deteriorat* 
ed about the latter date and the Matabhanga was then used at^ was in use when I 
joined the Inland Service m 1882 It was then quite a good river and in 1884 I went 
up with the * Shillong,' one of our steamers towing three flats It was never useil for 
downward traffic, being too narrow and winding It afterwards gradually deteriorated 
while the Jtflangi improved and by 1890 it becathe so bad that we abandoned it in favour 
of the Jalangi and U has never been used since It has now degenerated .into a meie 
gutter and will, 1 fancy, eveutually clos°i. In 1891 we sent oor Assam main line steamers 
through the Jalangi * There would appear to be some kind of osciUstion between these 
two rivers, one improving while the other deteriorated We used the Jalangi from 1891 
for mam line steamers towing flats to Goaluudo, and Assam up to 1896, but qwing to 
increased trade with the Barisal district it was found politic to send steamers by the 
longer Suuderbans’ route, caUiiig at Jalakhati, Nalchiti, Bansal, etc. We continued to 
use the Jalangi for small craft proceeding to the Ganges districts up to 1907, from 
which date forward we ceased to use the river altogther. It had deteriorated somewhat 
like the Matabhanga and there was recently little advantage in using it as the Bhagirathi 
was open for any vessels proceeding to the Ganges districts and this river carried better 
water than the Jalangi.” 

39. From statement N it will be seen that before 1675, steamers frequently passed 
through the Bhagirathi before the end of June and sometimes even as early as the 
middle bf that month, at times when the gauge at Berhampur was only about 43 feet 
above datum. This would be only 2 to 3 feet above the recent lowest stage 
level, but at that time it gave a rise of 6 to 7 feet above the lowest stage of the 
Tivep. In recent years, the earliest vessel of large-^ise to pass througl^ the Bhagirathi 
was the 8S. ^Sheram’of about 6 feet 6 inches draft, which came through on the 
2nd July 1910 when the level at Berhampur had risen 12 feet 6 inohes and the following 
year another large vessel p*i8aed through with the earns rise However, in 1899 and 
1912, light draft steamers passed through with a rise of 8 and 7 feet. 

40. The last vessels to go through the river in recent times proceeded up at the 
end of September in 1904 and 1906; whereas, in 1867 a vessel went through on the 
12th October and in ll^9 on the 8th October. On the other hand in 1865, the steamer 
“ Bombay ” with a draft of about 4 feet 6 inches had to turn back from Berhampur on the 1st 
October, as there was Insufficient depth at the entrance. Making full allowance for the 
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fact that in the earlier years, the general draft of steamers was abont 4 feet 6 inches, or 
less than at present, and farther that as the rivers were then regular routes, fgll advaa* 
tags was taken of them, that is immediately they opened nntil they closed, the foregtHng 
evidence still indicates that the c^struotions to navigation in the Bhaglrathi in the flood 
season are somewhat worse now than formerly. 

41. As regards the conditions in the dry season, even taking into consideration, 
the probable relative lowering of the low water level of the Ganges, owing to the siqiply 
now abstracted by the Ganges canals, the difficulties seem now to be greater than in the 
earlier half of the last century. The process appears, however, to have been extremely 
gradual and the very fact that even with the evidence available it is difficult to arrive 
at a definite conclusion, shows that the conditions cannot be generally very materially 
worse than they have been in the past. 

42. The Bhagirathi undoubtedly in recent years has had an abnormally bad 
entrance, but if Oolonel Forbes* statement in 1^53 can be trusted this is no worse than 
^the passing phase of 140 years ago. 

43 Though the obstructions or bars tn a river of the descnption under notice 
may not get progressively higher, the river may deteriorate through tbe extension of the 
shoals into the pools and a general restriction of capacity owing to increasing deficiency 
of supply from the main stream. However, considering that the Bhagirathi head was dry 
250 years ago, that 150 years ago the river was not navigable dnrmg the dry season by 
boats of eten 2 feet draft and that nearly 100 years ago there were in the river 2 i 
shoals with leSp than 2 feet depth as early in the season as November, it is obvions that a 
very gradual rate of progre sive deterioration should ere now have served to bring the 
river to a oritical condition, where it would have ceased to fulfil its normal functions and 
have decayed rapidly. What is true of the Bhagirathi applies to the other two rivers. 

In hiB evidence before the Hooghly Commission of 185.1, Major Lang refers to the 
month of the Bhagirathi being then closed in November and stated “The natives corrobor¬ 
ate what I believe from Rennell to have been the fact, that 75 or 80 years ago, when the 
head of the Bhagirathi was near its present position, that river was obstructed annuitiy 
early in the dry season to such an extent that oargoes were landed in the neighbourhood 
of Suti, conveyed thence by land to Jangipnr and thence taken down the river m small 
dinghies *’ Furthermore, “ I think within the last fonr years, a smaller supply of water has 
entered the Nadia rivers between the months of November and Jnne than in the ten years 
preceding, with the exception of the year 1846-47 when the supply was decidedly less than 
it was in i849-50,l)y the Bhagirathi and in 1850-51 by the Jalaugi, at the same time I feel 
fully convinced that for fonr years subsequent to 1826, the total supply was quite as little 
during the dry season as it has been in any year since 1840 , an 11 am also strongly of 
opinion, both from what I have heaid and from what I have read on thesabject, that before 
1825 also there were periods when the obstructions to the influx of water were quite as 
great as they have ever been since In the best seasons, the quantity of water entering 
between January and the inundation is so very small compared to the volume of water 
included in the bed of the Hooghly above Calcutta, that the difference when the river is 
open and when it is closed would in tbe dry months be scarcely appreciable A discharge 
of 1,000 cubic feet of water per second would be sufficient to keep one of the Nadia rivers 
open. 1 have not measured at any time th^ quantity of water •*fter the three have joined, 
but from casual observation I should say that it would be difficult to determine from ap¬ 
pearances below Suksagar whether one or othor of the nvere wore open at the month, so 
great is the supply in their channels from percolation and from springs in their beds and 
1 think that the supply of water in the Hooghly is not very greatly diminished in the dry 
season from the entrances of its feeders being closed ** 

About this time. Captain SherwiH examined the whole country carefully in the course 
of a survey an<l in a report dated 1857, he discussed the general problem of changes in the 
deltaic river system of Bengal. He drew attention to the old red clay alluvium, and a 
patched this eastward of Jangipur, he considered to have blocked the present south¬ 
easterly coarse of the Ganges, anti> broken through, probably by erosion. He found the 
Nadia rivers generally m such a bad state that he considered their conditioa hopeless. 

‘*The process of silting up is rapidly proceeding m the beds of the Bhagirathi and 
Jalangi and of necessity it must coniinuo to do so, the farther the Sandheads advance into 
the Sea.** This advance, as has been seen, is really inappreciable He states ** The Bhaj^ra- 
thi has more than once, as is plainly shown by the old beds between Soti and Nadia, left 
its present bed and flowed over the country south-east from Murshidabad, mingling its 
waters with those of the Jalangi and Matabhanga and would, were it not for the emhank- 
meut, pVobably leave its present bed altogether and flow through the districts of Murshida- 
bad and Nadia and fall into .the M itabbanga and Bhairab, leaving its lower course, or 
from Nadia to the Sea to be washeil by the tides and to become a hendless river similar to 
tbe Mutlah.** 

If tbe bed level of the river continues to nse, this will become a probable future con¬ 
tingency, but the conditions even thirty }eare after the above statement was made, do not 
appear to have been favourable for a diversion. It will be remembered the Bhagirgthi 
was afforded an opportunity for an avulsion when the Laltakuri breaoh in 1885 opened to 
a width of half a mile and passed 50,000 cusecs for three weeks. 

Finally he says “ Speaking from many years* experience and knowledge of the river 
Bhagirathi and from having thoroughly examined tbe country east and west of it, I am 
of opinion that the river from Suti on the Ganges to Nadia at the junction of tiie Bhagl- 
raihi and Jalangi, ts gradually hut ewrtainly fllUng upland that it can never be ma^ 



65 


with the id^auB at present employei a navigable river, even for email boats, from October 
to Jnjxe, or for nme months in the'*year . bnt that it will for many generations, if ever, 
be closed as an outlet for the great Gangetio freshets during the rainy season, or from 
June to September, I do not think possible, or probable. 

• If a passage for boats IS required fromOalontta to the Ganges, it must be sought for, 
not farther north of Galcatta than the junction of the Matabhanga and Hooghly rivers 
JThe Bhagirathi in its present state can never be relied npon as, or expected to be, a scourer 
of the nver Hooghly , its wafer can never be looked npon as an assistance to the shipping 
of Oalcntta, the quantity poured into the Hooghly being so very small, and although 
the water that used to flow down the Saraswati is now poured into the Hooghly, the nver 
is shallower than it was a hundred years ago . . . 

If the state of the river was so bad in 1666, Or 190 years ago, what would it have 
been in lfi56, had it not been taken in hand by the English, banuals erected, passages 
cleared of snnkon trees and timber rafts , most probably it would long ago have been 
closed altogether and yet with all the labour and expense bestowed upon it, it still remains 
an untiavigahle nver for 8 months i*n the year. 

If upon a series of levels being taken, it is proved, as is strongly suspected to be the 
case, that the bed of the Bhagirathi is higher than the bed of the Ganges, then must all 
hope of ever making the Bhagirathi a navigable river cease but if on the contrary it is 
proved that the bed is lower than the Ganges, then one remedy for the shaliowmess of the 
Bhagirathi remains—it is that the engineering talent at present in India and at the dis¬ 
posal of the Government be brought to bear upon the subject. To open this river from 
Calcutta to the Ganges would be a great work , it would lessen the libour, hard labour of 
thousands, by shortening the present tedious Sunderbands passage of boats proceeding 
from Calcutta to the Xorth-West and would increase trade a hundredfold But, as before 
observed, the proposed serus of levels would set the matter at rest for ever, bnt from all 
I have seen of the nver, 1 teel inclined to predict that the Bhagirathi by tbp inevitable law 
o&aiatnral operations, is doomed to be a dreary bed of sand for nine months in the year." 

This was over 60 years ago when, as intimated by Major Lang, there was seldom a 
flow of even only 1,000 cubic feet a second, required to keep of the rivers open m the 
dry season 

44 The general conclusion, therefore, is that the rivers pass through successive phases Qeaersl coocltuiion 
of deterioration and improvement and while the general tendency is piobably towards m todetenofatwn 
deterioration, the process so far, has been very gradual and is diflicult to determine 
definitely. 


45. The bed levels ot all the rivers, particularly the Bhagirathi, appear to have risen 
very gradually in the past half century and this, though most probably compensated for 
to some extent by a corresponding rise of the Ganges bed level above Sara, indicates a 
certain measure of deterioration, at least in the Bhagirathi since 1801. There is, however, 
no evidence to show that the process is permanent On the other hand, the increase m the 
average range of stage at the entrance, which m the past 8 years Was 6 inches greatei and 
in the past 28 years, 2 feet 2 inches greater than m the fourteen years period, 1840 to 1853, 
shows that, whatever the causes may be, more water must have passed down the Nadia 
rivers recently during the flood season than during that partici/lar early period, though 
probably the discharge has not been so great as before the end of the 18th century ~^he 
relative^lowering of the Ganges low stage level owing to the abstraction of water for canals 
would probably account to some extent for the greater obstruction Co navigation in the dr> 
season in the recent years. 

46. Furthermore, the opening of the modern i^hairab channel 30 years ago, which 
may have been a natural resultant of the raising of the Ganges bed level, is a very real 
gam so far as the general Nadia river system is concerned. 

47. The methods employed in the endeavour tO'keep the entrances of the rivers open 
and to provide snfficient depth of water over the shoal crossings for boat traffic have been 
chiefly training works by means of bandals and spurs, and dredging 
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48. The bandal system has been in use on the Nadia rivers since the conservancy 
was first taken in hand in 1820 and is particularly efficacious in improving the lower chan - 
nels of the rivers so long as tliere is a sufficient flow of water to permit them to act. A 
“ bandal" is a permeable, oblique weir, or spur, placed so as to narrow a wide shallow 
channel and to goide the current into the channel selected which it improves by the scour 
which takes place along the face of the bandala, owing to the rush of water under them 
The bandal used in 4 to 8 feet depth, consists of rows of plain bamboo mats, ** jhamps " as 
ttieyare called, eaohbemg 6 feet 9 inches by 2 feet 3 lucbes, which are fastened at the npper 
edges to a row of bamboo piles snnk 2 feet apart into the bed of the river along the selected 
position. Thepiles are bound together by a horizontal waling and are supported by struts 
placed about 6 feet apart on the downstream aide. The jhamps are fixed so that their lower 
edges are about 6 inches or more above the bottom and the rush of water through this 
space, owing to the head created by the obstruction of the mats to the natnral flow, scours 
away the sand at the bottom for some distance from the bandal. The sand so scoured is 
deposited behind the bandal and so helps to keep the flow in the channel scoured. Ae the 
sand scours under the bandal, the latter is sunk correspondingly to maintain its effect 
The bandals are generally plaeed at an angl^ of 45 degrees at uffiich inclination they are pre* 
snmed to have their maximum effect. The work is nsnally started when the depth of the 
river hat fallen to 6 feet and though it is sometimes continued till the depth is I foot, the 
effect after the d^>th has fallen to 2' 9* is not considered worth the cost 
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49 Major Lang in 1853 declared that if the ▼e'locity was aa great as 2 feat a aeooad 
at the end of NoTember, within the entrances of any of the Nadia riTers, he should haya 
no doubt of being able by the nse of the usual meausto keep the nrer open throughcut 
the season to a depth of 3 fert, and also stated that he hjad invariably found that with.'n 
fair supply of water, a depth of 3 to 4 feet could be gained and maintained by means of 
ban lals, where before the maximum depth bad fallen as low as Ij tu 2 feet. * 

50. Banduls are also employed to close loop channels and to prevent the erosion of 
cutting bank*^ Corrugated iron sheets have been used in place of the mats in bandals, but 
are not so efficacic us, as the permeability of the mats is an advantage. Jungle spurs 
couBiBiing of a braced doulde row of bamboos tilled with brushwood are used sometimes at 
the entrances to close loop channels and to force the current into any direction required. 
These are not employed in the lower channels as they get buried and are likely to form 
obstructions later A full description of the action of bandals and spnis is given in a 
professional paper read by Sir Robert Hanbury Brown, K.C M.O., Major, R.B., before the 
poimcil of Royal Etigmeers 

51 Dredging has been frequently resorted to in an endeavour to keep the eutranoes 
open. Dredging machint^s drawn by bullocks were used by Mr. May in 1823 and 1825 and 
later a steam dredge Wds t<gied, and though Mr. May believed at first that be could obtain 
very good resnlts from these machines, be was later convinced of their inefTectiveness. 
This IB not Bnrpnsmg in view of the meagre results obtained in recent years by dredgers 
of far superior power The only use these earlier dredgers could be put to, was to stir up 
the sand so that the current could carry it away If the current was weak, the sand was 
so loose that the sides of the dredged cut simply fell in and filled up the channel, and 
Major Lang considered that if there was any flow, the common baudal was jnst as effica* 
oiouB, although by dredging above the bandal, desired results could be obtained sooner. 
Rake iliedgers and spiked rollers were also employed to stir up the sand and open the 
channels, but apparently with little B.iccess Hand dredging by kodaheB or hoes has been 
frequeiitlv resorted to and though, as Sir Robeit Hanbury Brown states, work can be done 
in 2 feet fi inches to 3 feet of water, the method is very expensive In order to provide a 
small flow of water for doiueHtic purposes when the entrance is dry, a channel is now 
usually scraped through by hand, using an iron sheet 

52 The first experiment with a modern dredger on the Nadia rivers was undertaken 
l)j Mr 0 C Leen m April 1902 with the ** Liiidon Bates ** belonging to the Calcutta Port 
Trust This vessel is a sand pump dredger of 400 LHP with lH>inch suction and cutter, 
and tliHoharges throuph an 18*iuch pipe line She lifted m the Bhagirathi on an average 
about 4,7(H) cubic feet of spoil an hour, working 274 hours She was taken up into the 
Bhagirathi, having first cut through the Gayespnr bar on the Upper Hooghly below Nadia, 
at the end of April 11K)2 and worked till the middle of May Mr Lees was quite satisfied 
with the results of the experiment and arrived at the following conclusions — 

(i) That under the conditions which prevailed when the experiment was made, a 
cut made through a shoal will not fill up ag’im, but will be deepened by the 
scouring action of the current through it 

(a) That the cut should be made as deep as circamstauces permit 
• {tn) That it is not necessary to discharge the sand over the bank of the river. 

(tv) That on the contrary, this sand deposited on the river bed is likely to be of use 
111 training the current over shoals through which a channel has been dredged 
and will probably obviate the employment of bandals on such shoals 

o.h In 1904-05 the ** Nemotha ”, a converted dredger with 14'inch suction, was hired 
for five years by the Bengal Government and first set to work on the Kamaipiir shoal in the 
Gang! 8 and in 1905-<)€ on the Mancha shoal in the Bhairab river In 1906-07 a second iiou- 
propelliifg dredger, the ** Alpha** witb 18-inch suction wasalsoset to work on the entrance 
of the Bhairab and in the following >ear the ” Rescue'*, another converted dredger, non- 
propelling with 12-inch suction, was employed on shoals in the lower reaches of the river, 
together with the ” Nemotha’* These dredgers hefted on the average, quantities, varying 
from 1,129 to 2,839 cubic feet of spoil an hour, the least rate being that for the ” Rescue '* 
and the greatest that for the " Nemotha '* 

The Hhairubremained open during the seasons 1905-1)6 and 1906-07, but the effects 
of the lireilging were not permanent and m 1907-08 the entrance oloseil and the cutting off 
of the head water-supply preveiiteil any marked sacoesB by tho dredgers m the lower 
channels of the river. In 1908-09 an endeavour was made to open the Bhhgirathi 
entrance by dredging with the ” Nemotha ** and a flow of water was maintained till the 
end of February In 1909-10''Alexandra,** a modern type dredger, 200 feet in length 
with 24-inoh suction and jet4and outters, capable of lifting 10,000 cubic feet an hour, 
WAS tried fora short period at the entrance, assisted by the'* Nemotha **. The Faraeoa 
chatffibl was bunded across to force the whole flow into the Bhagirathi and a small dis¬ 
charge was maintained which fell gradually to 48 cusecs in April The ” Nemotha ** 
tlredged again at the entrance in 1910-11 andassisteil in keeping the river open during the 
season, the minimum discharge being 655 cusecs in January, increasing to 4,165 cusecs 
in February, but falling again to 2,353 casf^os in April No dredging was done in 
1911-12, when thedi^charge fell to 18 cusecs lu April, but in each subsequent season 
19L1-14,1914-15, i9l5-16 and 1916-17, either the “Nemotha” or the “Rescue” were 
employed at the Bhagirathi entrance without any definite success. 



54. The work has been considerably hampered owing to the delay in commencing 
operations each season and difficulty in malnng adequate arrangements for coal and 
sapphes. It has been found impossible with one of these small dredgers to cut through the 
groat length of shoal at. the -entrance owing to the limited time The dredger cannot 
usually start work till the middle of October, owing to the great depth, and subsequently 
Che fall of stage is so rapid, that long before it has completed the out, the dredger runs the 
risk of being locked in, owing to the channel silting. Dredging has been usually done 
downstream and with only one dredger, time is occupied in going over the upper cuts 
in order to keep a passage clear for the vessel to pass out before the level falls too low. 
The saud is deposited on one side and it has been found that under certain conditions, 
there is very little refilling of the dredged cut. No definite conclusions on the point cau 
be come to, as with the present condition of the Bhagirathi, on<^ dredger of the smaller 
type 18 utterly incapable of cutting through the whole length of shoal at the entrance in 
order to provide the flow through which is essential if a channel is to be maintained 

5.') Mr. C. A White, Superintending Engineer, in his report on the waterways of* 
Eastern Bengal and Assam, stated that the dredgers were far too small to make any 
real impression on the Nadia rivers, much less ou the Ganges Mr. Lees had come to the 
conclusion that as bandals needed a velocity of at least 2 feet a second to be of any use, 
and since this was not always possible, dredging was the obvious course to adopt He 
calculated that 1,000 lakhs of cnbic feet would have to be dredged from the d^hagirathi 
shoals to make the river navigable all the year round for steamers and boats drawing 5 
feet of water and that ten dredgers of the “ Lindon Bates ** type would be required to do 
the work m 100 days. He did not consider this type suitable and recommended one 
dredger capable of lifting 50,000 cubic feet of sand an hour This vessel should have a 
mazimnm draft of 4 feet 6 inches and should not be too large to be unmanageable in the 
Bom-’What narrow wateis of the Bhagirathi This recommendation resulted eventually in 
the purchase of the ** Foyers ** which dredger, however, ha^^ so far not been employed on 
the Nadia rivers. ' 

30 The Superintending Engineer, Central Circle, in July 1900 submitted plans— 

(t) for clearing a channel 80 feet wid^ and 8 feet deep fiom the head at the Faracca 
channel to Nadia at a cost of Rs 12,03,863 , 

(it) for the same work with the exception that a cut is provided for through a chur 
about 1() miles below Faracca and certain cuts proposed in the Bhagirathi at 
a Cost of Rs 13,31,770 
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57 The Chief Engineer, Bengal (Mr Inglis), criticized the proposal under the 
following heads — 

(t) The question of time 

Unless the work could be done in six weeks or two months, it would not be 
of much use Fourteen dredgers each capable of^ifting 50,(KX) cubic feet 
of saud an hour and working 8 hours a day, would be required to do the 
work and the cost of the vessels would be nine lakhs each, so that the total 
cost would be prohibitive • ^ 

(it) The alternative estimate with proposed outs was condemned on account of the 
general disturbance to the regime of the river and the large cost of acquiring 
laud and payment of compensation 

58 Mr. Inglis stated that the Nadia rivers had been in their present state fur many 
years . they probably deteriorate in years of low and improve in years of high floudg when 
the river is gorged and the velocity in the channel increased, as is well known to be the 
case in the deltaic channels in Ihingal 

59. He considered there was no possibility of canalising any of the Na(ka rivers 
owing to the instability of the offtakes, and thought that the only possible practical means 
of improving the flow will he by opening the mouths of the rivers by dredging every 
year and operating on the lower shoals by bandals He drew attention to the necessity of 
working on the channels with the greatest caution and remarked ‘*It is often said that 
it will be in the interests of the port of Calcutta if a large \olume of water is brought 
into the Hooghly I am myself somewhat sceptical about this During the flood season 
the water coming down the Nadia rivers is heavily charged with silt and even with the 
increased velocity, during ebb tides it cannot be able to do much in the way of picking 
up mor^ silt, unless it has dropped at slack water the silt it has brought down fi'om the 
upper river During the freshets, navigation is already very diffoult on the ebb tide, 
and if the flood volume should bo materially increased, the difficulties will be all the 
greater.'* He also alludes to the possibility of the mam Ganges onco again pouring 
down the western side of its delta should nature accept our lead and deepen the channel. 
This would certainly bo m the nature of a catastrophe and woubl probably rum the port 
and the city of Csloutta. 

60. It may be noted in this conuectiou that in 1906, Sir John Benton had remarked 
that the floods of the Nadia rivers are of the greatest importance so far as the Hooghly 
and the port of Calcutta arc concerned, since they tend to keep the former open and to 
scour out deposits of silt brought in by the Damodar and Rupnarayan drainage 
channels whose outfalls are south of Calcutta , also the flood water of^'the rainy season 
helps to strengthen the ebb tide and enables it to carry out silt brought in by the flood 
tide. 
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6L The Hon’ble M'. F. A. A\ Cowley (then Deputy Secretary, Irrigation Depart* 
ment), who has a wide and intimate knowled^ of the oQnditiona in the Kadia rivers, 
reviewed tliese opiniona in a note dated 26th February 12X3 and drew the following 
eonolnsionfl:— * 

(t) It IB not possible to dredge the Bhagirathi bo as to keep a navigable channel for 
the ifthole year, except at a prohibitive cost. * 

(ii) It IS not desirable to do bo, inasmnoh as the river with increased facilities 
for diBChdrgiug a large volume of water into the Hooghly, will carry 
with It much more siU into the Hooghly and probably cause deterioration in 
the Hooghly 

(tti) It IS not possible to canalize the Bhagirathi owing to the instability of the 
offtake from the Ganges 

• (iv) It 18 possible with one dredger with jet agitators and no cutter, capable of 
* removing 25,000 cubic feet of sand per hour, with a properly designed 

suction head, powerful pumps and some 500 feet of discharge pipe, to 
dredge the offtake and about one or two miles of the river at the head and 
BO considerably increase the volume of water flowing down the Bhagirathi 
from January to June. 

(v) The “ Foyers *’ is not a suitable dredger , it cannot cut its own flotation, 
without Its cutters it is not an efficient machine, a properly designed plant 
would do this work at less cost and with greater efficiency. 

(vi) The only one of the Nadia rivers it might be possible to canalize and maintain 
us a navigable channel is the Matabhanga with its offtake from the Ganges 
just above the Sara Bridge, as the Gauges has been trained to discharge its 
* waters p^^imanentiy, it is hoped through this bridge, and this is, therefore, 
the^only point at which the Gauges has stable banks 

62. In bis report on the dredging in 1913*14, as Superinteuiling Engineer, Central 
Circle, Mr. Cowley, b> analysing conditions of discharge for the period from 1^5 to 1913 
and classifying the years in their order oi ment, both as regards height and duiation of 
flood, came to a conclusion agreeing with Mr. Inghs that in years of high flood the Nadta 
divers improve and in years of low flood they deteriorate He states, *‘foUowmg a year 
of high flood with long duration, the cold and hot weather discharges are improyed—in 
other words the Bhagirathi channel has been scoured by the floods and river discharges 
improved, a greater fall in the water surface being available The conclusion I, therefore, 
armeatiB that when the monsoon has been characterized by high floods of long dura¬ 
tion, the mouth of the Bhagiiatbi should be dredged^wheu on the other hand, the floods 
have been low and of short duration, the same results can be produced by the expenditure 
of about Rs 5,000 on l)an<laUing It seems, therefore, that if any permanent good is 
to be done in years of lovy floods of short duration, it is essential to dredge a channel, at 
*leaBt five miles long from the mouth " 

63 A general consideration ot the question and ot the foregoing opinions, appears to 
lead to the following couclusiona — 

(X) Owing to the general conditions in the Ganges channel between the offtakes ot 
the Bhagirathi and Jalaugi rivers, which is complicated by the entrance of 
the Mahananda river on the opposite side, stabilizing of these offtakes would 
be a matter of great difficulty. Any scheme ot canalizing the nvers, so us 
in ensure a regular supply is, therefore, if not impossible, a doubtful remedy, 
reqmnng extensive training works in the Ganges. 

It may be possible with great difficulty to canalize the Matabhanga, but the advantages 
^ m this case would be chiefly as regards navigation Owing to the small pro¬ 
portion of the discharge corned by the Matabhanga, the flood supply of the 
Hooghly would not be appreciably affected, though an additional supply of 
about 5,000 cusecs which might be obtained dunug the dry season would be 
benefloial 

(2) The bandal and spur system of training, though probably as effloacious as any 

similar system which does not involve considerable expenditure, cannot be 
relied on to ensure a flow through the entrances during the dry season. 

(3) The only alternative to provide a regular flow is by means of dredging. 

(4^ Dredging the whole river channel from the offtakes to* Kadia would need a 
fleet of dredgers aud the expense would be prohibitive. * 

(5) The object desired which is to maintain the river channels sc as to avoid the 

risk of the rivers closing, can probablj be attained by dredging the entrances 
only to provide a flow through during the dry season. This flow with the 
aid of baudalling may be re led on to keep the lower channels open. 

(6) Dredging the entrances wull be difficult and the results uncertain, if the situa¬ 

tion of the ofifake is very unfavourable, as at present in the case of the 
Bhagirathi. Under these conditions, a out w'ould probably need to be 
made to give a better offtake which could then be kept clear and 
maintained with one dredger , whereas, at least two would now m required. 

(7) Powerful and specially designed dredgers of light draft would be needed and 

apparently better results could be obtamed by commencing early in the 
season and working upstream. Every care should be taken in each ease to 
ascertain the direction of the current, anb*enrface as well as surface, and tke 



iineB o£ dredging ahonld coincide with the flow, so as to work with and not 
against nature. The cuts ahonld be. as deep as possible in order to take 
advantage of the well-known law of the ** attraction of water'* and the cats 
should be repeated, so as to help in regnlanzing the dredged channel. 

(8) The dredging resnits cannot be expected to be permanent as the continually 
varying conditions of slope and sedimentation on a rising river induce new 
^ sets of channel conditions and the dredged cuts of the dry season will almost 
certainly be filled in again during the floods, so that the operations will 
need to be repeated each year. This is the case in the Hissisaippi, where 
the dredgers work for only about four months in the twelve, returning at 
the end of each flood season to remove the deterioration caused during the 
high water period. 

64.- Major Hirst criticizes Mr. Lees'last conclusion on the results of the "Lindon 
Bates " operation on this point He deplores the absence of records regarding the location' 
of the outs and states that the dredged channel only lasted a short time and that the deposit 
removed from it never acted as a training agent. In the circumstances, Mr Lees could 
never have expected that the dredged cut would be maintained over the following flood 
season. The results of the dredging were necessarily purely temporary and confined to 
the conditioi3 under which the experiment was carried out. 

65 Messrs. Inglis and Cowley both agree that the Nadia rivers impzove during 
years of lugh flood, that is the greater velocities restrict general deposit, though the 
Blit charge is necessarily higher. Following this argument, the Hooghiy channels 
proper, where the velocTties are still greater, should also improve generally during high 
flood years, though with a greater silt charge, increased deposit may take place where 
the river widens into the estuary The improvement of the Nadia rivers so as to increase 
their discharges would consequently have a beneficial eflect on the upper Hobghly, 
but if the sedimentation is increased in relation to the critical velocity, deteriora¬ 
tion may result in the channels of the estuary However, this result is unlikely to follow 
on a certain measure of improvement in the feeders and the general eflect on the 
Hooghiy of improvement of the Nadia rivers up to a certain point may be anticipated 
as being correspondingly satisfactory 

60 The improvement of the rivers beyopd this critical point, besides causing 
increased sedimentation in the lower Hooghiy, may conceivably involve far more seriou^ 
consequences It has been pointed out that the extension of the delta on the eastern side 
of the Bay is now reaching a critical stage of development which may react on the 
conditions of debouchment of the Ganges A considerable artificial improvement of these 
upper spill channels may, as Mr. Inglis has pointed out, furnish avenues of escape for 
the Ganges from intolerable conditions of conflict with the more powerful river Brahma* 
putra, and they may accordingly develop until the main stream once again pours down 
the western side of the delta, the results of this would be difficult to foresee This 
contingency, however, though within the bounds of possibility, 19 only pure conjecture, 
any reliable present indications, such as the progresBive increase in high and low flood 
levels of the Ganges above Goalundoare lacking, and limitations of time have prevented 
the co-ordinatioD of such low and high flood records as exist, particularly as there is 
some uncertainty as to the values of the gauges in past years. On tux ^her hand, there 
appears to have been a fall in range of level of the Ganges at the NadiS rivers since 
Rennell's time, and this would indicate that the channel below is now generally a more 
satisfactory conduit for its waters and would reduce the possibility of any such diversion 
of the mam stream la the near future. 

67. In any case, it is extremely improbable that any change of the Ganges course 
will be in the nature of a sudden avulsion If a diversion is inevitable, pressure will 
probably first be thrown on the outlet afforded by the Garat through country where no 
main river has previously issued If, as before, this fails and the upper diStTibutaries 
are involved, the enlargement of these effluents will probably be a gradual process and 
sufficient warning will be available of the impending change 
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STATEMENT A. 

High and Low Flood levels of Bhaglrathi at Qerla. 
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STATEMENT B. 

High and L.ow Flood levels of Bhaglrathl at Jangipur. 
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11 


1909 

• • • 

52 

5 


76 

10- 


24 

5: 


1910 

• • • 

52 

11 


79 

4 


20 

5 


1911 

• * • 

52 

8 


79 

6 


26 

10 


1912 

• 

I 

... ‘ 

52 

6 


75 

b 


23 

0 


1913 

49 

7 

Mean 

76 

2 

Moan 

20 

7 

MdSin 

i 

1914 ■ 

• • • 

50 

11 

52' 2" 

77 

1 

77' 3." 

26 

2 

^5' 2" 

1915 

• • ♦ 

52 

11 


70 

4 


23 

5 


1916 

• • • 

52 

5 


77 

2 


24 

8 


1917 

• • • 

53 

1 


77 

3 


24 

2 


1918 

• • • 

52 

8 








Mean 


51' 

o» 


78' 

0 * 


26' 

10" 


Rise of Low Flood level. 

30 inches 


Fall of High Flood level 

, J 3 incUcB. 


lU 
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STATEMENT C. 

High and Low Flood levels of BhagIrathI at Berhampur. 


Reduoad to lovol of KIddoppur Old Dook Sill whieh Is 7*7BS foot 

polow Moan Soo level. 


Year 

a 

Ltiw 

Flood 

lovol. 

High 

Flood 

level 

Hangc 

Year 

Low 

Flood 

level. 

High 

Flood 

level. 

Range 


Ft 

111 

Ft 

in 

Ft. 

ID. 



Ft. 

in. 

Ft. 

in. 

Ft. 

tn 

1861 

3*! 

tl 

66 

3 

29 

9 

1891 

• « • 

39 

9 

65 

4 

25 

7 

1862 

37 

0 

65 

7 

28 

7 

1892 

• • « 

39 

3 

67 

10 

28 

7 

1863 

• 37 

0 

64 

6 

27 

G 

1893 

• •• 

40 

9 

66 

9 

26 

0 

1864 

35 

9 

61 

2 

25 

.*> 

1894 

• • 

40 

9 

69 

0 

28 

3 

1865 

36 

,1 

65 

2 

26 

11 

1895 

• • • 

41 

3 

64 

lOj 

23 

7i 

1866 

3t» 

9 

62 

2 


5 

1896 

• ♦ • 

39 

3 

64 

1 

24 

10 

1867** ... 

39 

0 

66 

5 

27 

5 

1897 


38 

9 

66 

0 

27 

3 

1868 

,17 

0 

60 

6 

2.1 

6 

1898 

• • ■ 

39 

0 

68 

6 

29 

6 

186‘l 

.17 

.1 

61 

9 

24 

6 

1899 

• • • 

38 

3 

67 

6 

29 

3 

1870* ... 

My 

9 

66 

9 

.10 

0 

1900 

• ■ 

40 

3 

65 

10, 

25 

71 

Moan 

,16 

10. 

61 

0 

27 

li 

Mean 

• • • 

39 

8; 

66 

7 

26 

lOi 

1871*** .. 

40 

0 

60 

9 

26 

9 

1901 

• • • 

40 

9 

68 

3 

27 

6 

1872 

40 

0 

65 

9 

25 

9 

1902 

• • • 

40 

9 

65 


24 


187.J 

37 

0 

6 1 

5 

26 

5 

1901 

• • 

40 

6 

65 

9 

25 

,5 

1874*» ... 

36 

9 

66 

4 

29 

7 

1904 

• 

41 

0 

68 

9 

27 

d 

1875 

.18 

t; 

64 

9 

26 

3 

190.5 


40 

9 

6,5 

4 

24 

7 

1876 

37 

6 

61 

9 

27 

3 

1906 

• • • 

40 

0 

69 

4 

29 

4 

1877 

,18 

9 

61 

0 

O i 

.1 

1907* 


41 

9 

65 

0 

2.5 

3 

1878 

37 

0 

6.1 

r* 

26 

r> 

1908 

• 

MJ 

3 

66 

1 

26 

10 

^871)* 

.W 

6 

'67 

0 

29 

6 

1909 

• 

10 

,1 

65 

8 

25 

5 

1880 

.IS 

.1 

61 

.1 

2.1 

0 

1‘UO 

• • 

40 

9 

67 

9 

27 

0 

Mean 

38 

1. 

64 


26 

3: 

Mo in 

• • • 

40 

7 

66 

8} 

26 

11 

1881 

37 

1 

6.0 

1 

27 

10 

1911 


41 

3 

67 

7 

26 

4 

1882 

.17 

6 

61 

9 

24 

.1 

1912 

ft ft 

40 

9 

64 

5 

2.5 

S 

1883 

17 

.1 

60 

11 

2.1 

8 

1913 

• ft 

41 

0 

65 

1 

24 

1 

1884 

36 

9 

64 

1 

27 

4 

1914 

ft ft ft 

40 

3 

6.5 

4 

25 

1 

188.5*** ... 

.19 

0 

66 

6 

27 

6 

1915 

... 

41 

3 

64 

5 

23 

2 

1886 

40 

9 

67 

Oi 

26 

31 

1916 

ft ft ft 

40 

0 

61 

9 

24 

9 

1887 

39 

0 

66 

3 

27 

3 

1917 

ft ft 

40 

0 

65 

7 

2.5 

7 

1888 

37 

9 

67 

5 

29 

8 

1918 

ft ft ft 

40 

7 





1889* .. 

37 

9 

67 

71 

29 

10 > 

1919 

ft ft ft 







ISilO* ... 

38 

6 

69 

ll 

.11 

5 

1920 

ft ft 







Mean 

i 

38 

k 

li 

65 

8 

27 

61 

Mean 

ft ft V 

40 

7J 

65 

3* 

24 

8 


Ycara marked w tfch one antcriMk indioito that nbagirathi Moan 89 0 6K 8 26 6 

embankment breachetl uiiil there a at* a miMleratr iniindatioii 

two aMloriHki* indicate embankment breactiei} with a aevrrc 1861-1917 Him of Low flood level 8' 0* 

iiitindaliun three aatcriNka indicitc o lioivj breach and ^ery 

sen re flood Hise of High flood level 1' 4" 
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STATEMENT D. 

High and Low Flood levels of Bhagirathi at Katwa. 

R«duoM to lovel of Klddoi*puP Old Dook Sill whloh lo 7*7B8 foot 

bolow Moon Soo lovol. 


Year. 

Low Flood 

✓ 

1 

High 

Flood 


Range. 



Ft. in. 


Ft 

lU. 


Fl 

Ill 


1890 

• • • 



54 

6i 


• • 

»• » • 


1891 

• • • 

24 7 


50 

3 


25 

8 

• 

1892 


23 3 


51 

Hi 


28 

84 


189.3 

• •• 

24 0 


51 

r»i 


27 

6> 


1894 

• e • 

24 1 

Moan 

54 

3i 

Moan 

30 

21* 

Moan 

1895 

• • • 

25 0 

23' 10* 

49 

5} 

51' 10." 

24 

54 

27' 91' 

1890 

• • • 

22 11 


48 

7 


25 

8 


1897 

• • • 

23 2 


50 

9 


27 

• 

7 


1898 

• • • 

24 2 


54 

Si 


30 

34 


1899 

♦ • ♦ 

23 4 


5.i 

2 


29 

10 


1900 

• 

23 10 


55 

4 


31 

6 


1901 

* e a 

24 9 


52 

7 


27 

10 


1902 

• • 

2.3 7 


52 

Oi 


2ft 

51 


1903 

♦ e 

23 10 


48 

11 


25 

1 


1904 

• • • 

24 4 


53 

10 

• 

29 

0 





Moan 



Mean 



Moan 

1905 

• • • 

24 10 

24' 21" 

51 

9 

52' 24' 

. 20 

11 

28' 0' 

1900 

♦ • • 

24 1 


53 

8 


29 

7 


1907 

• • • 

23 4 


48 

.1 


21 

11 


1908 

• • 

24 7 


50 

10 


26 

.4 


1909 

V • ■ 

24 8 


54 

9 


29 

11 


1910 

• • a 

24 7 


5.1 

4i 


28 

94 


1911 

• • • 

23 7 


54 

4i 


30 

94 


1912 

• » e 

23 10 


49 

8 


25 

10 


1913 


26 0 


53 

6i 


27 

64 


# 



Mean 



Moan 



* Mean 

1914 

• • • 

25 4 

25' 14‘ 

51 

0 

52' 2' 

25 

8 

27' 2' 

1915 

• • • 

25 10 


49 

4 


23 

G 


1916 


24 8 


53 

10 


29 

2 


1917 


26 3 


52 

3 


J6 

0 


1918 


26 1 










24 6 



1 


27 




iliMc of Itovr Flood IcTol l&ebes Uuc of Ui(;h Flood level 3 locheti 

10 A 
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High and Low Flood levels of Jalangl at AkrlganJ. 

aoduoed to level of Kldrtaeptii* Old Dook Sill whioh Is 7*789 feet below 

Sea level* 


Year 


8 iK) 
891 
.892 
1898 

1894 

1895 

1896 

1897 

1898 

1899 


1900 

1901 

1902 
190:» 

'1904 

1905 

190b 

1907 

1908 
191.9 


Low Flood level. 

High Flood level 


Range. 

Ft 

in. 

Ft. 

lU 

Ft 

in. 

47 

5 

73 

0 

25 

7 

48 

3 

69 

7 

21 

4 

46 

0 

72 

li 

26 

14 

48 

0 

71 

1 

23 

1 

45 

6 

Mean 

72 

14 

Mean 

26 

7a 

Moan 

43 

9 14' er 

68 

2 70' 1, • 

24 

5 25' 7 i ” 

42 

6 

67 

1 

24 

7 

41 

0 

68 

7 

27 

7 

41 

G 

70 

3 

28 

9 

41 

0 

69 

5 

28 

5 

39 

9 

68 

5^ 

28 

8 i 

40 

6 

69 

6 

29 

0 

;w 

9 

66 

5 

27 

8 


40 6 

41 ^8 

Moan 

42 9 41' 2J' 

42 3 

42 6 

41 G 

42 3 


67 4 

69 7 

Mean 

66 9 68' 5" 

70 8 

68 4 

68 7 
68 5 


26 10 
28 4 

Mean 

24 0 27' 2a 

28 5 

25 10 
27 1 

26 2 


1910 

1911 

1912 

1913 
191-1 

1915 

1916 

1917 

1918 


43 3 
12 9 
43 9 

43 3 

Mean 

44 9 43' 8. 

43 3 

43 7 

45 0 

44 9 


70 5 

70 3 
68 1 
69 1 

Mean 

68 7 69' b' 

69 0 

71 0 
69 8 


27 2 

27 6 

24 4 

25 10 

Mean 

23 10 25' 10* 

25 9 

27 5 

24 8 


Mean 43 1 

Fall of Low Flood level, 10 inohes. 


69 4 26 3 

Fall of Hiffh Flood level, 8 inohes 
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STATEMIENT F. 

High and Low Flood levels of Matabhanga-Churnl at Hanskhall. 


Reduced to levoi of Kldderpur Old Dook Sill wHIoh la 7*7BB foot abovo Mean 

Sea level. 


Year 

Low Flood level 

High Flood level 

Range 



Ft 

in 


Ft 

in 

Ft 

111 

WJO 


13 

9 


.59 

11 

26 

2 

1H9J 


12 

6 


.51 

10 

19 

4 

1892 


12 

<• 


.*54 

3 

21 

9 

189.5 


12 

<• 


34 

7 

22 

1 

1894 

• 

13 

0 


35 

10 

22 

10 





Mean 


Mean 


Mean 

189.^> 


1.5 

0 

12’ 10* 

30 

6 34' 0 * 

17 

6 21' 2* 

189(> 


12 

6 


29 

U 

10 

104 

1897 


12 

.'5 


31 

9 

19 

•6 

1898 

• • 

13 

6 


36 

10 

23 

4 

1899 

• 

13 

0 


.55 

6 

22 

6 

1900 


11 

9 


35 

11 

24 

2 

1901 

• • • 

12 

9 


34 

1 

! 

4 

1902 


13 

9 


29 

11 

16 

2 

1903 


13 

9 


.50 

4 

16 

7 

1904 

» • 

14 

6 


.56 

3‘ 

21 

91 





Mean 


Mean 


Mea n 

1905 


1.5 

6 

14' 0/ 

.54 

9 3.5' 75" 

• 21 

3 19' 6,'" 

1900 

« 

14 

6 


.56 

1 

21 

7 

1907 


16 

0 


30 

9 

14 

9 

1908 

• • • 

14 

9 


32 

6 

17 

9 

1909 


15 

6 


.55 

9 

20 

.5 

• 

1910 


15 

6 


35 

5 

19 

11 

1911 


14 

C 


35 

1 

20 

7 

1912 

• • 

14 

6 


31 

111 

17 

55 

1913 


16 

G 


34 

8 

18 

2 

• 




Mean 


Mean 


Moan 

1914 

• 

18 

0 

15' C." 

32 

10 3.3' S," 

14 

10 18' 2r 

1915 

• • 

15 

0 


32 

5 

17 

5 

191G 

• 

15 

0 


33 

5 

18 

5 

1917 

• • • 

15 

6 


34 

0 

18 

0 

1918 

• • • 

15 

3 






Mean 


14' 

1- 


33' 9i* 

19 

84* 

Hise of Low Flood level, 

, 0 inches 


Fall of High Flood level, 4 inches. 




76 


STATEMENT Q. 

Mean Monthly disohargas of Bhaglrathl. Jalangl and Churni In 

1916 . 


(rae ftgut»OM in nmoh month tntiiomto thon^M^npo tfisoaarao in 

oamoom mmi tho iowot^ tiput^om tho totmt Mmohot^po fof tho month in 
miiiionm of ouhio yoftirnm) 



BiiAniBAnii. 

Ialangi 

MAniAUUANUA- 

CnuBNi 

Mouth 

0 

• 

Uenn 

Kntwu 

Fiinditpur 

llarmkhali 


K K 

O F 

K K 

OF j 

K F j 

1 

0 F 

K F 

O F 

Tutiitary . . 

Nil 

Nil 

1,050 

104 

600 

59 5 

2,910 

289 

1 170 
116 

450 

44 5 

600 
59 5 

t ubruury | 

Nil 

Nil 

**• 

050 

85 

570 

51 

, 2,780 
249 

825 

74 

390 

35 

460 

41 

March .. | 

Nil 

1 

Nil 

960 

05 

500 

49 5 

2,410 

240 

970 

93 

120 

32 

380 
37 5 

April . ^ 

Nil 

Nil 

• •a 

970 

93 

375 

36 

2,37o 
227 5 

710 

68 

270 

26 

340 
32 5 

May .. 1 

240 

23 8 

• 1 

2,400 

23H 

2,000 
198 5 

1,820 
184 5 

520 

51 5 

360 

35 

330 

3) 

Juue > I 

1,160 

111 4 

410 

19 4 

5,140 

404 

4,410 

423 

2,510 

421 

600 
57 5 

650 
62 5 

820 

79 

July . 1 

19,770 
1,961 2 

26,840 

2,662 

58,720 

5,825 

42,000 
4,1C6 5 

17,140 

1,700 

12,840 

1,274 

3,140 
311 5 

4,100 

407 

Augufi* ... 1 

51,000 
5,059 2 

55,450 

5,101 

148,000 
14,681 5 

86,800 
8,610 5 

1 

60,000 

5,952 

52,000 

5 158 5 

6,820 

577 

8,noo 

793 5 

Scptciiibor . I 

46,300 

4,444 8 

50,000 

4,800 

149,000 

14,304 

138,000 
13,248 

75,000 

7,200 

59,000 

5,664 

8,270 

794 

0,300 

891 

Octolu r 1 

20,800 1 
2,003 6 

20,600 

2,043 

34,600 

3,432 

25,000 

2,480 

31,400 
3,313 

21,600 
2,142 5 

5,520 
547 5 

5,-100 
526 

Novoiulwr . 

1,820 

175 

1,030 

1K5 

5,800 

556 

4 830 
464 

8,670 

832 

5,100 
489 5 

2,110 
202 5 

2,450 

235 

Decoiiibor .. | 

290 

29 

1 

90 

8 9 

2,430 

241 

1,240 
123 5 

4,600 
44b 5 

2,000 
198 5 

860 

65 

1,000 

99 

Avoraj'o diHchur^o 
lu cimqi’s lor 
whole year 

11,782 

1 

12,674 

34,168 

25,527 

17,792 

13,111 

2,.i47 

2,767 

Average diHchitr^i , 

iHt June to 
3Uth Novuinlicr 

23,475 

25,348 

60,877 

50,173 

32,787 

25,190 

4,252 

4,995 

Total iIiMchttri;e 

111 lIlllilOIIB of 
cubic yarda for 
whole year 

13,8b8 

14,839 

40,148 

29,910 

1 

1 

20,874 5| 

15,387 

2,752 6 

3,236 

Diecliargo in 

iniiliODH of cubic 
yunla from 

iHt June to 
3Uth Novombor 

13,815 

14,830 

30.292 

29,392 

17,395 

14,786 

2.496 

2,933 5 

Maxiinuiii dis. 

charge on any 
day in cusoca 

07,839 

78,630 

1 18>^,285 

1 

1 

j 

164,894 

84,913 

64,914 

6 928 

1 

10,270 

» 


Total diHchorjfu from tlio thrtn inorK iJtiniif' the ^ear by Kutter’e formula C3,775 milllion cubic >dB 
t. „ ,, by float ractbof] .. 48,533 imlliuti cubic yda 


K F Duehorge by KutterV formula 


O F DuchargeOeeording to ordmory method by floats 
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STATEMENT H. 

Mean monthly dlsoharges of Bhagirathl, Jalangl and Churnl In 

1916 . 


(ThB uppor lit aaoli month tndtomtB tho niformpo tUmohmr^po tn 

ouBoom ami thB toafOr fipuram tho totat titBohat^po foa tho month in 
mttUonB oi oubio yardsm} 




DlIAUlBATlli 

Jaulnoi I 

MATAlillANQA* 

OUDRNl 

Month 


{Joi 

lU 

Katun 

Funditpur 

HaiiHkhali 



K V 

0 V 

K K 

0 F 

K F 

0 F 

K F 

f) F 

J uiuar\ 

{ 


Nil , 

• 

1,470 

146 8 

680 

67 5 

4,410 

437 5 

1,720 

17n 5 

630 

82.5 

840 

81 3 

(Ti hiiiur> 

I 

Nil 

Till 

BfiU 

78 9 

520 

48 2 

5,300 

491 8 

1.650 

I5d 1 

715 

66 3 

580 

518 

M tich 

{ 

iVi' 

ATii 

720 

71 4 

.480 
d7 7 

6 170 

512 8 

680 

67 5 

550 

54 5 

470 

47 6 

A|iii{ 

{ 

Nil 

1 

Nil 1 

670 

Ii4 d 

340 

11 7 

1,000 

96 

530 

50 9 

• 520 

49 9 

440 

41 3 

Mu\ 

{ 


Nil ' 

1 

t 

1 

420 

41 7 

200 

19 8 

Nil 

Nil 

170 

36 7 

500 

49 6 

370 

15 7 

Jiiiii 

{ 

^,67(1 

J')G 1 

4,640 ! 

445 4 1 

15,560 
1,494 

11,570 
; 1 lod 

500 

50 9 

1,040 

100 1 

1,060 

101 7 

790 

75 8 

J(il> 

{ 

29, >60 
2,‘HH 

52,380 

.5,1% 

95,950 

9,518 

96 620 
9.585 

45,910 

d„562 

31,260 

.1,101 

5,2.50 

5,208 

6 6.30 
6,58 7 


{ 

71,^<10 

86,910 
8,621 1 

96,^30 

9 6( (» 

78 820 

1 7,8l9 

55,410 
5,49ii 6 

47,640 

4,726 

6,780 
672 5 

8 850 
877 9 

SopU*ll|lK*l 

{ 

72,770 

b,9Si, 

84,190 1 

8 082 1 

12.1,190 

11 826 

'10K,[00 

10,178 

6.3,440 

6,090 

.55,370 
• .5,33.5 

8,080 
777 6 

10,590 
1,017 6 

()( tohi 1 

{ 

35,^OO 

d,'i2l (► 

11270 1 

1,103 4 : 

94,600 

9 ls5 

75,9(.u 

7,.5 14 

5j,ni) 

5,069 

46,540 

•1,625 

li,6.50 
659 7 

8,500 
813 2 

NosciiiIh r 

{ 

5,700 
547 2 

4,870 

Ui7 5 

21,780 

I 2,09.1 

23,200 

2 227 

17,610 

1,090 6 

10,800 
1,036 8 

>,46o 
236 2 

3,980 
382 6 

I)( (< inhii 

{ 

520 

51 b 

2 10 

22 8 

1 

2 550 1 

252 9 

2,260 
224 2 

6,440 
6d8 8 

3,000 
297 6 

710 

70 43 

1,290 
128 5 

AvtMU^e liiKohaigo in 
lor wlioh 31.111 

< IIHCC H 

18,186 

22,207 

d7,88d 

d4.l87 

20,502 

15,900 

2,825 

« 

3,610 

Averu^i dischaigc, 
to dUth NoNoinho 

-i June 

3fi,218 

41,417 

74,652 

66 045 

37.4dO 

30,476 

5,047 

6,6.57 

Total (hschnrgn in iiiillioiia 
of cubic yaiili} for whole 
year 

21,189 

26,1 IH 

44,577 

39,275 

23,705 

18,473 

3,321 

4,246 

DiRcharf'u, in tiiillioriH of 
cubic yardH Iruiit let Jiitu 
to dUth Nuviniilier 

21,371 

• 

26,115 

11,922 

18 846 

21,908 

17,921 

2 968 

• 3,866 

Maxitmiin dischbi^t 
day in ciihocb 

of nn3 

106,748 

162,4.16 

170,747 

171,472 

68,248 

6.5,747 

8 820 

12,548 


Tutiil diBchar^u from the three rivort turnip the year, 68,799 imihoiia of ciibi( jardah^ Kuttf r’s 
formula and G0,i)2C nnllioiiB by tluat metluid 


K F diBObarge by Kutter's formula O F DaMhur^ accordinfr to ordinal > method by Huats 
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STATEMENT I. 

Mean monthly dlaohar^e of Bhaglrathi. Jalangi and Churn! In 

1917 . 


froa atfipBr figurom tn mmoii man#* inMomtm thB mvBt^mgo dtsoHmfgp in 
oatBBom mt»a tho ioyvmt* figut^pm thm totmt MmohmrgB fo»» itta month in 
mUtionm of ouMo ymrdrnm) 





UllAUIl 

IIAIIII 


1 

Jalanoi 

Maihakhanga- 

(jtlUUNt 

Mouth 

c 


1 

G«no 

1 

1 

Katwn 

Pundit pur 

llanakhali 



K V 

O F 

1 K F 

C> F 

K F 1 

0 F 

1 K F 

O F 

Januuiy 

% 

{ 

185 

183 

mi 

m 

‘ 1,580 
' 156 7 

1,200 

119 

' 5,700 
565 4 

1,900 
188 5 

430 

42 6 

770 
76 4 

Pobi uarj 

{ 

172 

15 2 

mi 

• 

1,200 
107 6 

720 

64 5 

6,300 

475 

1,510 
135 3 

430 

38 5 

560 
50 2 

March 

{ 

120 

11 0 

A’lZ 

970 

96 2 

700 

69 4 

4,500 
446 4 

1,000 

99 2 

460 

45 G 

490 
48 6 

Apiil 

{ 

ICO 

15 4 

A^iZ 

620 

60 9 

270 

25 9 

3,270 

314 

900 

86 4 

450 

43 2 

500 

48 

Ma3 

{ 

180 

17 9 

ViZ 

2,50i» 

248 

2,670 

258 

840 

83 i 

520 

51 6 

280 

27 8 

500 

19 6 

June 

{ 

3,780 
3(i2 9 

2,910 
2R0 3 

10.300 * 

9H8 ft 

12,000 

1,152 

A'lZ 

810 

77 8 

750 

72 

740 

71 1 

Jiilj 

{ 

11 (M)0 
-1 075 2 

33,500 
3,323 2 

47,000 
' 4,662 4 

48,400 
4,801 3 

1 

31,2(h) 

•3 0't5 

24,800 
2,4(i0 2 

4,370 

43 4 

5,000 

49 <> 

\ll^UHt 

{ 

S0,ii00 

7,936 

112,000 
|11,110 4 

121,500 

|12,051 

109,800 

10,802 

62,400 

6,190 

54,100 
5,36(. 7 

10,180 

l,t»12 

10,‘300 
1,021 7 

hflptciiihor 

{ 

40,60(1 
i 3,8 >7 6 

46 500 
3,54() 

72,600 
(),969 6 

73 400 
7,046 4 

50.000 

1 4,800 

40 too 
3,869 

8 080 
775 7 

h,380 

80 1 5 

<)ololM>r 

{ 

21 KOO 
2,11)2 5 

27,300 

2,70ft 

76,300 

7 569 

78,700 

7,807 

47,000 
4,662 4 

41,600 
4,126 7 

8,770 

870 

8,700 

Hi) i 

Novcmhi 1 

{ 

550 

52 B 

650 

62 4 

23,800 
2,2H4 8 

26,300 

2,429 

17,200 
1,651 2 

16 700 

1,507 2 

3,000 

288 

’,440 

130 

Uecemlicr 

{ 

Nil 

mi 

• •• 

2,450 

243 

2,140 
212 2 

5,200 
515 K 

3,900 
38() 9 

' 600 

59 5 

900 

89 3 

Average diHchargc iti t iihoch 
for whoki 3 cat 

14,879 

18 57i 

30,069 

29,609 

18,551 

16,686 

3,100 

3,357 

Average iliachnige, lat Jiiiu. 
to SUth Nuvctniici i 

1 

29,022 

36,509 

58,592 

1 

57,907 

34,633 

29,552 

5,858 

' (.,093 

Total dischargo in niillioii*t 
of cuhu 3 ar«lt> for ^liole 
3 car 

17,5P.G 

•21,030 

1 

1 

15 440 

34,877 

1 

22,798 

18,355 

3,318 

1 

! 3,502 

Diflchargi^ in iniiiioim of 
uiihie 3 nrda from lat Juno 
to 30th NovoiiiIhm • 

17,342 

21,030 

34,527 

34,128 

20,398 

17 407 

3,061 

3,<*70 

Maximum discharge on 

dn^ ill (UHtcH 

nii> 

126 460 ' 

278,841 

166,824 

173,362 

69 798 

71,777 

12,954 

11.918 


Total diM liur^c fIom tlio thioo livers during the yonr, 01,5&n iiiinioiiH of cubic >ar(l>4 Kutter's 
formula nnd 56,734 iiitlli<im« by float method 


K K Dinchar^ b} Kutter’* formula C) b HiRcbarge according tn ordmarj mithuil bj float* 













79 


STATEMENT J. 

Oischapges of western Tributaries of Bhagirathi. also Kharia 

Nadi. 


Mouth 

1 

Panalal Biver 

JuBjumkhoU NoUah 

Dwarka or Babla 

Adjal Biver 

Naddu Ubat i Ivi r or 
ivharla Nudl 


lOle 

1916 

1917 

1 

1 

1910 

1 

1916 

1 

1917 

101ft 

1916 

1917 

1916 

1916 

1917 

1916 

916 

1917 

Jauuary 

NU 

6 

N 0 

yu 

N 0 

ft 

yu 

970 

469 

yu 

40 

96 

yu 

N O 

N U 

1 

10 




to 


980 

646 

1 

69 

133 




Februar) 

wu 

N O 

> yu 

yu 

N 0 

30 

yu 

970 

N O 

1 

su 

84 

40 

AU 

N O 

N O 






64 


980 



Oft 

61 




March 

yu 

NO 

yu 

yu 

N O 

yu 

yu 

N O 

yu 

NU 

N O 

38 

yu 

N O 

N O 













69 




\piil 

AU 

NO 

yu 

yu 

N 0 

yu 

80 

670 

yu 

90 

4 

14 

yu 

N O 

N (> 







92 

1,440 


96 

4 

90 

• 



M»v 

yu 

A’it 

80 

ir4i 

yu 

yu 

yu 

yu 

3,970 


yu 

1, <16 

AU 

yu 

N <) 




138 






4.911 



3,220 




111 lU 

N o 

eOO 

180 

N O 

N U 

N O 

N O 

6,600 

4.940 

N O 

a.OCO 

4.300 

vt; 

N O 

N O 



f»70 

477 

1 




11,704 

8,860 


8,963 

8,862 




July 

N O 

l.OHO 

1.700 

N O 

N U 

13 

K.ftftO 

7.600 

9,360 

8,670 

7,860 

8,200 

N O 


140 

1 

9.«MB 

J.44U 



27 

19,017 

19 894 

13.810 

18,781 

14,637 

8,4 IK 

• 


987 

\.U{(LUlt 

6.1fl0 

1,900 

16,000 

N O 

M O 

1,776 

1ft,000 

9.110 

91,000 

4,080 

6,800 

17,160 

t,9«0 

490 

1,670 

9,4 IJ 

4.01S 

39,066 



2,H87 

96.934 

17,973 

39,160 

6.7A4 

9.816 

99 198 

3 96ft 

1 

■<21 

1,749 

otiptcmbji 

6,76U 

8 130 

3.800 

N O 

160 

—457 

H,3UU 

13,840 

9,877 

e.OOO 

17.300 

0,410 

8 160 


740 

11,40ft 

93,800 

4,660 


399 

—799 

11.048 

19,918 

19.986 

9,439 

60,000 

14,806 

3,879 


910 

Oc tubci 

030 

11,0(10 

i,t>ou 

28,000 

—40 

214 

9.400 

90,970 

30.360 

1,900 

16.200 

11,321 

N O 

N O 

1.686 


079 

3«,070 

0.079 

46,990 

—893 

803 

1 

7,971 

39.493 

24,999 

9,296 

27,024 

39,261 



3,113 

November 

ft6 

1,900 

4,180 ' 

N O 

on 

79 

690 

(.670 

14,100 

220 

3,900 

4,000 

01 

M () 

M U 


00 

9,747 

14.977 


93 

167 

931 

13.709 

31,170 

396 

9 318 

14,061 

119 



Duccmbi'r 

10 

40 

74 

N O 

M 

40 

834 

690 

990 

N U 

190 

389 

N U 

690 

yu 


iO 

114 

804 


1ft 

49 

420 

83ft 

l.ftU7 


342 

126 

1 


666 



Noi K —Till) lippur iixlicato the rau|;b mean inottthlj illechirRuH ami tliu Inwur figures tiu maximum rex ordctl As the 

iltik hurgoH wur« Ukuii al iotorvale of a week there wore probably oeouidotie wlivii the uotual disK hniKua *wliu ^rt-atcr “NO ’ emutflM 
that iKi obwirTatioii wuH takon 


11 
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STATEMENT K. 


Levels and slopes down to 19 chains from the BhagirathI 

Entrance, 18th to 30th April 1913. 






Fall at 





OtMllI 

UK' 

Ulvcr*1uTi 1 
of weUir 
Hurf >c(> 

Itivor level 
uf bed 

!>!■*( euow 
bei.wai.u 
aectloM 
ill feet 

water aar* 
face botweo 
coueeontlVL 
aoctiotu 

8k>po of 
water eor* 
fooo 

Fall of bed 
utd rlite of 
b^ 

Hlopo iu 
ted 

nMfARKh 





io feet 





-23 

50 1C 

.JG IG 


• • 



• 

Tlie - fifvuros in chaiua^c refor 









to the cliaiituge iipHtrcam 









from pogs in ihi' drcdgetl 
cliauntd Tlio + iigurte are 





0 22 

1 

-7 78 

t 

cliaitiQgc lower down 

- 9 

4‘J M4 

43 94 

1,400 


A 

G.3G3 

188 


-3 

40 92 

« 

38 92 

GOO 

0 02 

1 

+ 5 02 

1 


50,00U 

119 


5 

49 87 

48 87 

800 

0 05 

1 

-9 95 

1 

The + IjgtiKKin h1o|h'h of lM.ii 

20,000 

80 

10 

49 84 

47 84 

500 

0 U J 

+ 1 03 

iro hIi)|)uh dowiihtn «tin tind the 
- figures aJopLH upstream 

1 

1 

33,333 

776 


20 

49 82 

4G 82 

1,000 

0 02 

1 

+ 1 02 

1 


50,000 

980 


'JO 

49 7G 

40 7G 

1,000 

0 OG 

1 

+ 6 0C 

1 


1C,GGG 

1G5 


40 

49 CG 

45 GG 

1,000 

0 10 

1 

-4 90 

1 


10,000 

204 





50 

49 G2 

40 G2 

1,000 

0 04 

1 

+ 504 

1 


25,000 

192 


GO 

49 58 

48 08 

1,000 

0 04 

1 

-7 4G 

1 


23,000 

134 




70 

49 49 

47 49 

1,000 

0 08 

1 

+ 0 59 

1 


12,500 

1,645 


HO 

40 00 

47 00 

1,000 

0 49 

1 

+ 0 49 

1 


2,250 

2,250 


00 

48 44 

44 44 

1,000 

0 56 

1 

+ 2 5G 

1 

High Hlopt of Wafer surface <lu(. 

1,790 

390 







to pool at bottom of sjioul 

100 

18 39 

41 39 

1,000 

0 05 

1 

+ 3 05 

L 

Ditto ditto 

20,000 

327 






no 

48 19 

JG G9 

1,000 

0 20 

1 

-5 30 

1 


5,000 

188 


120 

48 09 

45 09 

1,000 

0 10 

1 

+1 GO 

1 


10,000 

625 


1 JO 

48 09 

4() 09 

1,000 

0 00 


- 1 00 

1 







1,000 


no 

47 80 

42 80 

1,000 

U 24 

1 

+ 3 29 

1 


3,450 

304 






150 

47 72 

43 80 

1 000 

0 08 

1 

- 1 00 

1 


12,500 

1,000 


IGU 

47 00 

45 00 

1,000 

0 72 

1 

- 1 20 

1 

High slopes dm to pool at 
bottom 

1,390 

833 

170 

4G 87 

46 37 

1.000 

0 13 

1 

- 1 37 

1 


7,690 

729 


180 

4G b9 

4G 03 

1,000 

0 IB 

1 

+ 0 34 

1 


5,555 

2,940 


100 

4GC3 

2G 63 

1,000 

0 06 

1 

+ 19 40 

1 


16,G66 

51 



NoTK '•The atevt teroli require >n eddltfee correcilM of i M feet te ntor them to Etdderpor Old Ooefc Hll 


/ 
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STATEMENT L.. 

Rainfall ovai* oatohmant anea of waatann tPibutarlaa of BhagirathI and 

1 




a 

• 

> 

0 

Madia ai 

i^a. 


Tear 




Mean rainfall at 
DeoKkar, Naya 
Dumka, Aaan^ol 
and Bcrhampur 

Inchea 

Mean rainfall at 
&nmpur'Boalia, 
Berliampur and 
Kriehnagar 

InchcH 

18R7 


• •• 

• 

54-73 

58 32 

1888 

• • • 

• 

» 

54 30 

.53*12 

1889 

• » • 

• « 

• • • 

51 96 

48-27 

1890 

• » 


$ • 

63 6 

66 84 

1891 


• 

• 9 

48 94 

49 59 

• 

1892 

• 


• • 

47 81 

42 83 

189.1 


• 

« » 

69 97 

73 81 

1894 


• • 


62 12 

54*05 

189.^ 

• 

• 


39*04 

36*21 

1890 



• 

42 27 

40 10 

1897 

• • 

• 


54 65 

,52 71 

1898 

• • 



68 23 

70 76 

1899 

• 

• 


58-85 

59 05 

1900 

• •• 

• 

• 


56 83 

59-'13 

1901 

• 



42 52 

, .51*71 

liM)2 

• 

• 


55 15 

02 ,14 

19(),J 

• 

• 

a • 

44 51 

52 57 

1904 

• • 

• 

♦ 

51*48 

.50 34 

1905 

• 



.56*26 

77 51 

1906 

• • 

• « 

• 4 

49 96 

55 15 

1907 


a 

• 4 

42 38 

40 30 

1908 

• • • 

• • 

* 

46*21 

45 97 

1909 

• • • 

» * « 

» • 

58 87 

06 35 

1910 

• 

• • • 

4 44 

51 95 

55*43 

1911 

• 

• 

4 

56 88 

60*10 

1912 

* « • 



45 94 

48-65 

19i;i 

• • * 

• 

• 4 

67*12 

73*61 

1914 

•• 

• 

4 

53 81 

64 50 

1915 


• • • 

4«a 

46 31 

59 57 

1916 

• • • 

• • • 


64*78 

71 48 

Mean 

• •• 

4 • • 

4 44 

53*5 

56 7 

11 A 
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STATEMENT M. 


D«pth« In NacHn Alvnl^ dunintf dny ddaaon and flood moatha and niaa of 
rivoi* at ontpanoa from 1840 to 18B8 by Major Lang. 





DRT tBAaOM. 


Flood iBiaov 

- 1 














Total rln of 


Nftnio of lirtr 

Yeir. 


1 




1 



rlrer et 

RHiiaRii 



Leut doptb 

LcMt depth 

(irentent depth 

OiMteet depth 

entrance. 



Rt tiitraoco 

twiow entrance 

at entrance. 

balcnr entrance 





j 

Ft 

In 

Ft 

In ' 

Ft 

In i 

Ft. 

In ^ 

Ft In 


niiaKiTAthl 

• • 

3 

0 ' 

2 

3 

32 

3 

33 

0 

• •• 

1 

No gauge erected till 

Jalangi 

1840 ! 

0 

0 

1 

5 

25 

3 

21 

9 

26 

0 

1846, Jalangi cloaccl 

MoUbhongu 


0 

9 

0 

6 

24 

0 

2 G 

3 

••• 


in April 

BliogirAUii . 

• • 

3 

4 

2 

6 

23 

6 

23 

0 

• •• 



Jalangi 

1841 I 

1 

6 

1 

0 

18 

10 

18 

10 

22 

ft 


Matabiiauga 

1 

1 

8 

1 

6 

22 

0 

19 

9 




Bhagiratbi* 

1 

•a 

3 

9 

2 

6 

21 

0 

21 

6 

• a 



Inlangi 

1842 

0 

2 

0 

3 

20 

ft 

20 

6 

20 

OJ 

Jalangi unnavitrablo in 

Mntabhanga 

• a 

0 

11 

0 

7 

21 

9 

24 

0 

• at 


February, Miitnb 

hunga closed tn 

March 

Bhagirathi 

aa« 

3 

3 

2 

5 

21 

0 

19 

ft 

a 


Jalangi closed in Jaiiu- 

Jalnngi 

184S 

0 

1 

0 

0 

3 

22 

3 

21 

3 

20 

8 

ary, Mntobhangii in 
February 

Matablianga 

• 

0 

0 

1 

0 

21 

ft 

23 

3 

•• 


Bhagnathi 

1644 

3 

0 

2 

3 

22 

6 

25 

0 

aaa 


Jalangi and Matnb- 

Jalangi 

0 

0 

0 

4 

29 

n 

28 

6 

27 

u 

hanga closed in 

Matabhaogu 

• •• 

0 

0 

0 

3 

27 

0 

29 

0 

aaa 

ruary 

Bhagirathi . 

a 

3 

4 

2 

3 

19 

6 

19 

() 

aa 


Jalangi and Matnb 

Jalangi 

1845 

0 

0 

0 

ft 

26 

5 

26 

0 

24 

5 

hanga closed in Dec- 

Matabhiuign 

a 

0 

0 

0 

7 

24 

0 

26 

0 

• 


cinlN?r 

Bhagirathi ... 

• 

2 

5 

2 

3 

18 

0 

19 

0 

• 


Jalangi cloBud Decoiti- 

Jalangi 

1848 

0 

0 

0 

10 

30 

0 

28 

0 

24 

3J 

l>er, Mntahhnnga in 
Novoiriber 

Motabhanga 


0 

• 

0 

1 

2 

27 

6 

28 

0 


Bhagirathi 

• 

0 

ft 

1 

3 

40 

0 

23 

0 



Now ontranre opemd 

Jalangi 

1R47 

1 

9 

0 

11 

28 

10 

29 

0 

28 

7 

in Bhagiratlii, Bliag- 

Matahhungu 

Bhagirathi 

• 

\) 

0 

0 

9 

21 

3 

2 G 

0 

a 


irathi and Jaluiigi 
unnaviguble iiTul 

Matablianga dost d 
in January 

• 

3 

0 : 

2 

U 

23 

0 

19 

0 

a a 


Jalangi 

1846 

3 

2 

2 

6 

22 

3 

22 

3 

26 

2 i 

Matablianga closed in 

Matablianga 


0 

0 

0 

3 

21 

3 

24 

0 


February 

Bhagirnt])! . . 


2 

0 

1 

6 

20 

0 

16 

0 

a 


Jalangi iinnavigable in 

Jniaiigi .. 

1849 

0 

5 

HI 

mm 

21 

0 

21 

0 

24 

9| 

February, Matablianga 

Mutuhhanga 

a 

0 

0 


II 

17 

6 

22 

G 

aaa 

closed in Novomlior 

Bhagirathi... 

• • 

i 

0 


H 

29 

0 

17 

6 

aaa 


Ditto ditto 

Jalangi 

1850 

0 

3 


H 

29 

0 

20 

0 

23 

0 

Mntabhanga 

• 

(1 

0 

1 


H 

22 

0 

21 

0 

aaa 


Bhagirathi . • 

• a 

0 

1 

0 

Hi 

B 

12 

0 

iO 

0 

aaa 


Bhagirathi closed in 

Jalangi 

1S61 

5 

0 1 


8 

28 

0 

21 

0 

21 

7| 

February, Matab- 

Hdtnbliginga 

• 

0 

2 

1 

0 

3 

22 

6 

16 

0 

aaa 

hanga unnayigable in 
February ' 


Dnagirath .. 

• •a 

0 

0 ! 

u 

2 

18 

0 

1C 

0 

aaa 


Bhagirathi closed in 

Jalangi ... 

1852 

3 

9 

2 

0 

26 

0 

27 

3 

22 111 1 

February, Matab- 

Matablianga 

•• 

0 

3 

0 

3 

24 

0 

20 

0 

aaa 


hanga unnavigabloin 
January. 

Bhagirathi 

••• 

0 

2 

0 

3 

14 

G 

14 

0 

aaa 


Bhagirathi unnavig- 

Jalangi 

1863 

0 

0 

0 

5 

22 

0 

24 

9 

20 

04 

able 111 December, 

Matabhangn 


0 

3 

0 

5 

18 

9 

17 

6 

aaa 

Jalangi cloaod in 

i 








Moan 

23 

G 

February, Matab- 













hanga unnavigable in 
April 
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STATEMENT M. 

Depths in Nadia Rivers and rise at entrance of Bhagirathi, 

1903 to 1917. 


Namb of 

rtivRB 

1 

1 

Year 

Dry hi-ason 

Fioot) season 

Total 
rifu> at 
Gei la 

Leaat 

di'ptli at < 
entraucc 

Least 

di'pth below 
entrance 

Gri atest 
(ioptli at < 
untranne | 

Greatest 
ieptb below 
eiilraiici 





Ft 

In 

Ft 

In 

Ft In 

Ft 

in 

Ft In 

S 

Jihagirnthi 




0 

3 

0 

0 


• • 


• • 

lihiurab-Jalangt 



1902 03 

3 

6 

1 

9 


• 


25 5 

Matabliaii^a 




0 

2 

0 

r> 


• 


• 

Bluvj^irathi 




0 

0 

0 

1 




• •• 

liliairdb'Jnlnrigi 



1 903-04 

3 

3 

1 

9 

• 



27 4 

Matubhaiiga 




0 

0 

0 

3 



• 


Bhagirathi 



• •• 

0 

0 

0 

b 

. 




Blmirab-JalanKi 



1904-06 

3 

3 

2 

0 




23 0 

Matabbanun 

• 



0 

0 

0 

4 





Bhagiralbi 


a • 

• • 

0 

0 

0 

7 





Bbnirab Jnlaiigi 



l905-0b 

3 

0 

2 

0 

• •• 



29 3 

Matabbanga 




1 0 

1 

0 

0 

3 

• 

1 



Bhagirathi 




0 

0 

0 

5 

• 

• 


••• 

Bhairab - J alan gi 



I90fi-07 

' 2 

9 

2 

0 

1 

• 

• 


2G 4 

Matabliaoga 

• 



0 

3 

1 

0 





Bhagiratbi 




0 

1 

0 

8 




• 

Bhairab-Jalangi 

m 


1907.0H 

0 

9 

0 

9 




28 2 

Malabbanga 



• « 

0 

0 

1 

0 


• • 


•• 

Bhagu.itlii 




0 

J 

0 

0 

• • 



• 

Bbairub Jabuigi 



1008 09 

0 

9 

0 

9 




2G 8 

Mutablionga 




0 

0 

0 

0 




• 

Bliagirathi 




0 

4 

0 

3 





Bhairnb-Jnlnni;i 



1909 10 

0 

0 

0 

6 1 

1 

1 



25 8 

Mutnbhanga 

• 



0 

3 

0 

0 


• 



Bluigirathi 

9 

• 



0 

0 

11 


• 



BImii n{ - Jniarigi 



1910-11 

0 

(> 

0 

0 




24 8V 

Matabbangn 

• 



1 

0 

0 

0 





niiagiratlii 




1 

0 

1 

0 




• •• 

Bbiiirab'J aln n c;i 



1911-12 

0 

9 

0 

9 

;• 1 



23 9 

Matabhangu 




0 

0 

0 

5 

• 




Bbagiratbi 




1 

0 

1 

0 

• 



. 

Bhairab-Jal.ingi 



1912-13 

0 

u 

0 

0 




23 10 

Matabhariga 




0 

0 

(. 

9 

• 

• 


• 

Bliagiratbi 




0 

0 

1 

0 

18 0 

19 

8 

• 

Bliaii ab-Ju]ani;i 



1911-14 

0 

*) 

0 

0 

22 0 

21 

0 

23 9 

MaLabhangu 


• 


0 

G 

0 

G 

17 6 

17 

0 

• 

Bhagirafcbi 




0 

0 

0 

3 

21 0 

19 

G 

• • 

Bhuirui). Jnlaiigi 

a 


1914-15 

0 

9 

0 

(> 

20 9 

1b 

U 

24 2 

Miitabliaiigu 




0 

0 

0 

G 

21 0 

20 

0 

« 

Bhagirathi 




0 

3 

0 

1 

15 0 

18 

0 


Bhaii ab-Jalaugi 



1915-lfi 

0 

0 

0 

G 

17 0 

19 

0 

22 1 

Matablianga 




0 

0 

0 

G 

13 b 

19 

0 

_ i 


Bhagtrathi 


• 


0 

3 

0 

G 

16 0 

20 

0 


Bbairab-Julungi 



1910-17 

0 

3 

0 

G 

22 0 

21 

0 

24 5 

Matabhnnga 

a 


• 

0 

0 

0 

(» 

13 0 

16 

3 



Me in 2fi’-24'' 
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8TATEINENT N. 


Showing approximate dates whan ataamar aarvloa through 

Bhaglrathl opanad and olosad. 

Compiled from oaouol rooord kept In Borhampur Qaude toook. 


Voar 


18G4 


8G8 

8G0 

870 

1H71 

872 

1873 

874 

L87G 

1876 

1877 

1878 

1879 

1880 
1881 
IM2 

1883 

1884 

1885 

1886 

1887 

1888 
1889 


First steamer passed 
Borhampur 

Last ateamer passed 
Borhampur 

Gauge level at 
BEBHA lCrUB 
ABOVE K D S 

First 

Last 



Ft In 

Ft In 

No mention 

No montion ... 


eea 

4th July, up ... 

2nd August 

46 10 


26tli Juno, up 

Ntl 

43 0 


Nil 

Nil 

• •• 

• 

15th June, up 

2lst June, down ... 

43 5 

47 3 

• 

25th June, up 

25tli Juno, down 

43 2 

43 2 

11th Soptonilxir, up 

12tli October, down ... 

63 4 

67 2 

2lBt Juno, up 

Nil 

48 7 

• • s 

doth June, lip 

30th June, down ' 

45 2 

45 2 

5th July, up 

Nil 

51 3 

• • 

14th Jiino, down 

« 

Ntl 

44 7 


3rd July, up 

Nil 

50 7 

• 

15th July, up ^ 

22nd Soptomitor . 

60 0 

62 3 

2Ist June, up ' 

July 

45 0 

• • 

No iQontion 

.. . 

... 


No mention 

• •• • • 

• •• 


26th August, up 

e ••• 

66 2 


No iiicutiun 


• a* 


* 6th Sopteml>er, up ... 

26th Beptomber, up ... 

64 9 

62 0 

27th July, up 


58 3 

• • 

No mention ... 



see 

i IBth August, op 

1 

• eee 

61 9 

• 

10th August 

• • • e 

60 2 

• as 

No mention 


• •• 

ess 

No mention 


••s 

eaa 

80th June, up 

September 

52 2 

aa • 

11th July, down 

August 

62 0 

#•# 

8ih July, up 


48 11 

aa 

Ist July, up 

8th October, up 

63 0 

1 

57 9 



Eleven eteainerB paRBod 
throu{;h 

One steamer paHRod Gauge 
fell to 42 feet on 29th 
Juno 

Ist October, Steamer 
Bom6ay had to turn 
back on account of in* 
sufiScicnt depth, gauge 
55 feet 6 inchoe , 3 

RteamerB 

T^^o HtoamorB 

Throe steamerB , 8th October, 
steamer reported 6 feet 
at ontraiice, Gauge at 
Borhampur 59 foet ? 
iticheB 

One steamer 

Two steamers 

Otic steamer 

One stoanior (/iomftav) 

One Htoamor 

Thrr c stoamerH 

Six steamers 


Govornnient steamor Peel 


One steamer 

Govomment. steamer towing 
Rhotae Enti auce was 
dry on 22nd Marc'b 


Twelve Bteainers 
Five steamerB 
One Rteamer 


service commenced 2 dc 
J uly, Aaimgaii') service 
8th July, 
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STATEMENT N 


Showing approximate dates when steamer service through 

Shagirathi opened and closed. 

Complied from Statomont furnloMd by Captain Brama. 


Year 

First stuaiuor 


Last steamer 

Qauub At 
Bbshamphu 





First 

Last 




\ 

Ft In 

Ft In 

1B90 

0th July, up 


4th October, down ••• 

67 

3 

63 

0 

1891 

23rd July, up 

• 

29th September, down 

55 

0 

59 

0 

1892 

I3th July, up 

• • 

25th September, down 

62 

3 

62 

3 

1893 

4th July, up 


20lh September, down 

58 

0 

65 

9 

1894 

4th July, down 

• 

9tii OctolKsr, down •• 

58 

0 

65 

0 

1895 

e e*e 


• • • 

54 

3 



1896 

• • 


•• • 

49 

6 



1897 

No inuntinii 

• ee 


• •• 


• 


1898 

No mention 



• •• 


•e e 


1899 

22nd June, up 


« 

46 

3 



1900 

22nd July, up 


« e 

54 

6 

• 


1901 

22nd July, down 

• ee 

e 

52 

0 

ee* 


1902 

29 th August 

#e 

IBth September ... 

57 

9 


n 

1903 

5th July, down 


Gth August 

45 

0 



1904 

8t!i July 

e 

29th September 

53 

9 



1906 

8t1i July 

• 

30tli August 

50 

6 

04 

c* 

190b 

28th July 

• • 

27th Suptoniber " ... 

61 

3 

59 

9 

1907 

28th July 


19tti Sopteiiibor ... 

57 

6 

58 

0 

1908 

9Lh August 

• 

28t)i Scpioiiibcr 

62 

3 

55 

3 

1909 

2lHt June 

• 

21st Septunibcr 

51 

6 

62 

0 

1910 

2nd July 


23rd September 

53 

3 

62 

9 

1911 

23rd July 

ee 

Ditto 

53 

9 

67 

3 

191!A 

5th July 

• • 

l6tb September 

s 

47 

3 

63 

3 

1913 

26tli July 

•« 

12th August 

67 

3 

63 

3 

1914 

11th July 

e 


50 

3 



1916 

mi 

ee 

•• 

#• 


• 


1916 

mi 

• e 


ee* 


•e 


1917 

14tb July 

1 


20th September ... 

66 

□ 

61 

0 

1918 

1 .M*** 



• ee 


ee* 



11KMARK8. 


Rivur roportod open ind 
July • 

Kivur ruportiKl opon (>th 
July 


Light draft Hteuinur, 3 tuet 


Light draft, 3 feet 

River iiol pro|ierJy open 
Light draft 


Light draft 

Light draft Uiver luported 
open 5th Jul> 

llivor reported open lt<t 
July Firat ttcanfbr light 
draft Steamer left 
Calcutta 22iid September, 
but had to return 

let Hteuinor 8S SAeroN* 
Main lino vuHHel b foot 
6 incliUK draft 

Both main line large 
etcumerrt 6 foot C incliea 
draft 

Light draft * 

River cloaod Slat August 
Fust light draft Last 
mam line vessel 

Launch River reported 
open July 13th 

Inland compauies* pilots 
withdrawn 
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Four 8COt)on«i of 
Hoogbly nver 


Upper Hoogbly 
UneUble reguneu 
froa Nfulia to 
Uhtniam 
Fixed rogiinen 
from ChuiMura to 
Caleutta 


Shanik Nadi 
Knati Nadi 
Saraewati Nadi 


UoaparlMu of 
nnrroya of Upper 
UooffDl) 


Tidal limit 


Aiaeof tido at 
Nadia 


Goiging up of 
Up)x.r uooghly is 
•pruig tidcR 


Tidal iiiduencc 
in freabete 


BloppH of Upper 
iluoghly 


Kroehet alnjiu 


Dry Kuion aJoiicg 
ui apruige aud 
noaiw 


Abourma) iooroaeo 
of alope between 
DuiaanUha aod 
Ubinsura 

Flattf nmg of bIo|k 
indioalea n raired 
voctiun from Kalna 
to Dvioardaiia 


CHAPTER V. 

The Hooghly from Nadia to Calcutta. 

TUtt Hooghly proper may be divided into three mam sections— 

(*) the Uppnr Hooghly from Nadia to Hooghly, a distance of 60 miles . 

(»0 the Lower Hooghly from Hooghly to Kantabana at the head of the estuary 78 

(tn) the estnary from Kantabana to Saugor, 36 miles * 

Beyond Saugor the sands project 43 miles into the sea, to the Sandhoads at the head 
of the Bay of Bengal and the approach channels between these sands, into the river at 
Saugor may be included in a fourth section.* * 

2. The Upper Hooghly from Nadia to Hooghly, has an unstable regimen and 
wanders through a wide strip of diara land continually, though gradually, changing 
its course. The regimen becomes fixed in the Lower Hooghly, where the channel is 
confined between permanent banks and erosion practically ceases, except at certain 
exposed positions In this chapter the Upper Hooghly and the upper section of 
the Lower (Hooghly from Hooghly to Calcutta will be considered together. 

3. The Matabhanga enters the Upper Hooghly near Chakdaha on the loftliank and 
one unimportant tributary, the Kharia Nadi, draining the district west, north and east 
of Burdwan between the Damodar and Ajai rivers, flows into the Hooghly on the right 
bank near Mirzapur above Kalna. The Kunti Nadi, an old channel of the Damodar river, 
enters on the right bank at Noaserai and a relic of the old Saraswati river still exists lu 1 
khal at Tnbeni These two channels are dead, the Hooghly water backing into them 
during the fresl^ets and pouring out again as the level falls 

4. There is an almost complete absence of information reganling the section 
of tbo Upper Hooghly between Nadia and Hansboria just above Hooghly The latest 
survey of the river channel is the Revenue Survey of 1849—55, since when the river has 
m places changed its course considerably, as will be seen on map No 4 showing the river 
about 1855 as compared with the approximate course according to Rennell and a rough 
sketch of its present channel 

5 The river is tidal throughout during the dry season During ordinarv spring 
tides in the dry season, a flood current is perceptible os far up as Samudragarh, about 
7 miles below Nadia, aud in the highest spring tides of the year a slight upward current 
IB sometimes felt at Nadia During maximum tides, the level rises and falls 2 feet at 
Nadia, or rather at Swarupganj m the Jalongi, half a mile higher up, and a tidal rise and 
fall IB experienced as far up as Rajapnr, 8 miles up the Bhagirathi 

6 . Owing to the gorging up of the Upper Hooghly in spring tides, the mean water- 
level at Nadia is raised as much as 3 feet above the level during neap tides and this 
influence is foU as far up as Dadupur, 16 miles up tho Bhagirathi, and also above 
Knalinagar and probably as far as Punditpur in the Jalangi During the height of the 
freshet season, tidal influence ceases above Guptipara owing to the raised level of the 
river, but the limit varies naturally with the height of the freshets and the strength of 
the tides. 

7 Tho slope of the Upper Hooghly during freshets on tho 14th August 1916 was 
3‘35 inches per mile, between Nadia and Kalna, 21] miles, the maximum slope at low- 
water decreased gradually to 3 2 inches between Kalna and Guptipara, 6] miles, and then 
to 2 13 inches between Guptipara aud Balagarh, 7] miles, From BaUgarh to Duniardaha, 
14s miles, tho maximum slope increased to 3 inches and then suddenly to 6*3 inches 
per mile between Dnmardaha and Gauripur opposite Hooghly, a distance of 10) miles 
From Gaaripur to Palta, 9) miles, the maximum slope fell to 4 inches per mile, and 
became normal again at 3 2 inches per mile beween Palta and Kidderpur 

8 In the dry season the maximum slope of the river surface vanes considerably, 
being naturally greater in spring tides than during neaps. At high spring tides on the 
25th March 1917, the maximum fall from Nadia to Dumardaha on the ebb was about 
1 inch per mile, this rate increased to 3 inches between Dumardaha aud Gauripur 
and then fell to 2 3 niches per mile between Gauripur and Palta and 21 inches per mile 
between Palta and Kidderpur During noaps on the 4th March 1917, the maximum slope 
generally was approximately 1 inch per mile. 

9 '^^ho curious relative flattening of the slope between Kalna and Dumardaha 
aud the sudden declivity im the fall from Dumardaha to Chinsura, which cannot be 
attributod to the influence of the Matabhanga entering the Hooghly below Ralagarh, 
points to the existence of abnormal conditions in this section. This ** hump " m the slope 
might indicate a general raising of tho tract of country through which the river flows 
between Kalna and Dumardaha. If predisposed to tho theory of tectonic movements, 
this elevation may very easily be ascribed to a local seismic upheaval, and though this 
conflicts with Major Hirst's view of a depression in this region, it would open the way 
to a similar field of conjecture. As a matter of fact. Dr. Muir, of Kalna, who has 
already been mentioned by Major Hirst, is inclined from a casual consideration of 
the question with reference to the incidence of malaria, to the view that the country 

* Hap No 7 

** Map No 6. 
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rOQBd About Eubui U grMluaUj rising. One of his chief reasons for this opinion is 
the water-lerel in the tanks of the district is generally lower now in the dry 
•eason than formerly. It will be recognised that this question of tank-leTel^ is 
bound up with the general one of the leTel of snbeoil water which may vary for many 
veaeona, and it la improbable that any tectonic movements would produce visible effects 
ae rapidly as to be detectible m the very few*yeqn under notice. 

10. Kow in taming to a consideration of th^ordinary natnral agencies which are 
at work in this section of the river, an apparently satisfactory cause for this important 
abnormality becomes immediately apparent. From what has abeady been said, it will be 
recognised that the section from Kalna to DumarUaha, and partionlarly the middle 
portion from Gnptipara to Balagarh where the siopd 18 least, is the ^Uidal head" of the 
^ooghly river during the freshet season. The downooming current surcharged with silt 
here meets the tide, the velocity is checked for a portion of each day, the level is raised 
by backing up action at high-water and general deposit takes place over the diara from 
•overflow. The action '^ould probably have been accentuated by the backing up effect qr 
ffoods in the Damodar when the Noaserai channel was open. 

11. The effect of the gradual relative raising of this portion of the country is an 
interesting matter for speculation If unimpeded and progressive it might eventually 
force the Upper Hooghly eastward and probably into the Ichhamati channel and the 
Anticipated entry ot the Damodar at Kulna, if not prevented, may even now cause the 
diversion^catastrophically. This brings us to a point on which, as will seen later, 
great stress is continually laid and that is the crucial question of improving the tidal flow 
of the Hooghly. The improvement of the tidal flow connotes an improvement of the 
upper channels, an improvement which can only be naturally maintained for any time 
by this means. An improved channel will move the "tidal head" higher np the river 
And so relieve the situation and it will also minimise overflow. If with the entry of the 
Damodar, its water can be kept in the present Hooghly coarse, this should effect a natural 
improvement of the channel through this raised section. This section, therefore, though 
far above the navigable Hooghly, is of the utmo:it importance in the maintenance and 
improvement of the channels of the latter and should have a prominent place in any 
general scheme of Hooghly river improvement 


Vmw that dbtflet 
roaad Kalna ii 
baufrgradoaUv 
raued aa taak-Iavrt 
It falbos 


Katoral agaodlM 
at work 


Raised eeotion the 
"tidil head" of the 
Hooghly Depoeit 
ooeurs at meeting 
ground of tide and 
freshet current 

Bventnal effect if 
process develops 
uninterruptedly 


Great importance 
of tulal action 


Importance of 
Kalua-Dumardaba 
section on 
Hoogbl} regiment 


12. In the river channel between Nadia and Chinsiira, there are now 12 bars With 5^***“^ 

’less than 6 feet depth at lowest low-water • of these 7 are situated below Kalna -and 5 *** ^ 

above it In the section below Kalna, the shallowest bar with 2 feet reduced depth is 

just below Guptipura and over this at high-water ordinary spring tides in the dry season 

7 feet 6 inches of water would be available There are three other shallow bars, one at 

the crossing above Bhaira and two balow Halagarh above the entrance of the Churni, 

these would afford 9 feet to 9 feet 6 inches depth at high-water spring tides Between 

Nadia and Kalna, the worst bar is situated above the first bend about 3i miles below 

Nadia and this would give only about 5 feet depth at high-water spring tides at the height 

•of the dry season, while the s-^cond bar at Mirsapur near the entrance of the Kharia nadi 

would attord 6 feet. The remaining three bars would give Meptbs varying between 7* 

-and 8 feet at high-water ordinary spring tides. During neap tides at the height of the Bar near 
•dry season, even at high-water, the bar below Nadia practically blocks all traffic of over ^^c^ofover 8*fMt 
3 feet draflhind Hoare, Miller’s steamer service to'Nadia is then consequently suspended, dunng aeapa 
This bar has apparently been bad for about three years. 


13. In the remaining portions of the channel the depths are ample and, in the 
bends, depths from 30 to over 40 feet are obtainable, and lu one place at the Kahganj Ksiigu] loop 
loop, where erosion is active, the bed has scoured down to nearly 70 feet This loop has 
narrowed considerably and worked downstream bodily for about 11 miles sinoe 1855. Fergunona’ 
Fergusson, in 1863, referred to the erosion which was then taking place as indication 
«of the activity of the Matabhanga, which he thought threatened to out a new channel for ^ 

<the Upper Hooghly to the eastward of Calcutta, but was psevented doing ^o by the 
Eastern Bengal Railway embankment. A cut through the neck of this loop at Jirat 
might be considered. As it is lu the tidal area the " out off" may, on the whole, be 
beneficial by assisting the tidal flow in the Upper Hooghly and at the same time it will 
prevent the loop working down into the old Jabuna channel. 


14. There are, as already stated, no surveys of the river bed of the Upper Hooghly 
And the only means of ascertaining whether deterioration has occurred is by an examina¬ 
tion of the behaviour of the tidal wave from such records as are available. This will be 
considered later in a general examination of the Hooghly tides. However, it^s known 
that t^en the Ltndon BaU$ went to the Bhagirathi lu April 1902, she bad to cut her way 
ithrongK the Gayespur and Ghollapara bars. Her draft was lightened to 5 feet 9 inches ^ 
and a Bvvey of the Gayespur bar gave 3 feet 9 inches at'-low-water neap tides, which 
xednoed to the datnm already used would be about 3 feet, and the Ghollapara bar afforded 
probably 2 feet 6 inohes. The condition in 1902 was, therefore, better than it is at present. 

15. In the upper section of the Lower Hooghly between Hooghly and Calcutta, Bars m apper 

-where the regimen is fixed, the first and most sarious bar is at the crossing opposite 
GhinsarA where the present depth is only about 3 below the local datum which is bar 

A feet above Kidderpnr Old Dock Sill. At high-water in neap tides at the height of the 

dry (MMon, the available depth is barely 6 feet, while at high-water ordinary spring tides, 

About 14 feet is available. TharA are two 13 feet bars at the erodings at lohhapur and at 
Darraekput,. otherwise the dmth in the channel is g *eater than 18 feet, and in places in 
tUie bights the depth falls to 60 feet. 
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tibiatambar. 


CftiiMt of lehbapnr 
ud BuTMkpar 
ban. 


Oood eosditlon of 
rifar from Calcutta 
to Barraekpor. 

Deep draft Tcaaelc 
able to proceed a« 
far aa Barraekpur 


Fergnaaon on con* 
dittoo of upper 
aeetivn of Hooghly 


Esamination of 
Ferguaaon’a atata* 
meot 


Admiral Wataon'a 
attack on Chaader* 
nafore in liarch 
176T 


16. Theiieight of the btr et ChiMore ie dae entirely to the pir e eenb nnfevenreble 
toeei couditioQik The contrectvon of the river fennel atdhe Hooghly Bridge iMebeett 
Moentuated by the deposit of large masees of atone to proteot the piers ot the 
Below the fite, the river widens oonsidorably in a straight reach where the stream is 
not gaided into any particnlar line of ohaunel, with a consequent general shi^Uowiiig ever ** 
the whole cross section. An island qpoasionally forms in the river opposite Ohinsara ts 
In 1864 and 1896 and under those ciroumstances the restricted channel provides a better 
depth than m the present ooaditions. The Ichhapar bar appears below a skarp bend 
after which the river widens, and where the crossing is not well defined; and the 
Barraekpor bar praoucahy reproduces the conditions of the Moyapur bar in the Lower' 
Hooghly. In this case, the nver at the lower end of the reach widens considerably and 
the right bank below Serampur trends away, so that the ebb stream Iosm its guiding Con¬ 
trol across to the opposite bank. In spite of those two obstraotions, the nver channel 
generally from Calcutta up to Chinsura is actually in good condition. 

17. There appears to be a general misapprehension that because ocean-going vessels 
. ({o not go above Calcutta, the river is incapable of carrying them above the port. As a 

matter of fact, the channel from Calcutta to just below Barraokpur offers no serious obs¬ 
truction to deep sea traffic and the largest vesaeis visiting Calcutta could, so fai aa depth 
|s concerned, proceed up to Barrackpur with even less difficulty than is expersaoced in the * 
passage up to Calcutta Above Barrackpur, even during the dry season, vessels'of about 
20 feet drftft could navigate as far as Chmanra at high-water ordinary spring tides and 
the Barrackpur aud Icbbapur bars, which are the only serious obstructions, would pro¬ 
bably yield more readily than the Eastern Uut and Moyapur bars to dredging, so that with 
proper treatment, if necessary, the depth m this section could be materially mcreas^. 
However, the nan owing width of the channel would restrict the sise of vessel which, 
moreover, have no reason to proceed beyond the present ternptial port. ^ .. 

18. In his note on Recent changes in the Delta '* written in 1863, FerguMon alludes 
to the apparent inability of the upper section of the /l^oghly to carry as deep traifio as 
formerly. He states : For a century after 1634, when oar ships were permitted to enter 
the Ganges, Satgaou or Hooghly was the port of Bengal and continued to be so till super¬ 
seded by Calcutta ” 

19 The ships of those earliest days were no doubt m jch smaller than those after¬ 
wards introduced, but no sea-gomg vessel coold well now get so far up the river, and it 
may also be remarked that when Admiral Watson attacked Chandernagore in 1757 h^; 
took up to that oity what were then called line of battle ships, vessels of 60 or 64 guns 
which, whatever their tonnage may have been, would with di&cttlty reach Calcutta now 
without the aid of steam ” 

20 As this argument supports the theory of deterioration of the river and has 
without doubt influenced, id a subtle manner, juigmmt on the Hooghly, it will be of 
interest to e\amine it in detail. 

21. Reference has alreidy been made in paragraph 24, page 16, to the deteriorated 
condition of the upper sedition of the Hooghly m 156r>, so that the larger ships, even of 

'that time, could not proceed above Sibpur and only small vessels went up to Batgaon. 
This was probably due to the diffusion of the supply through the three branches of the 
Bhagiratbi, viz , the Baraswati, Hooghly and Jabuua When the other braDC.MS decayed, 
and the discharge was concentrated in the Hooghly channel, this must naturally have 
improved. 

22. The available records of Admiral Watson's enterprise m 1757, from which con¬ 

clusions have been loosely drawn by Fergusson aud otheis, affords ns an opportunity of 
ooinpaniig the earliest reliable data of the Upper reaches of the Hooghly with pre8eDt*day 
conditions. Admiral Watson's squadron comprised the GO-gun line of battleships K^t and 
Tyger with the Sahihury (50 guns), attended by the Sloops (20 guns) and 

Ktngfiiher (12 guns). From the logs of these vessels, extracts from which were made by an 
old pilot, Mr. R. F Barlow, who served under Captain Lloyd in 1840-41, and spent a great 
portion of his leisure after he ntirt^, in delving into old records concerning the Hooghly, 
it appears that the mam squadron arrived at the entrance of the Hooghly on the 9ih Decem¬ 
ber 1756, H. Mw S. Cumherland (70 guns) having grounded on Palmyras shoal and put back 
to Vizagapatam leaking. Eedgmg and towing the squadron reached Fulta on the 14th 
and 15th December, where they were joined by the Sahz^ry and Bridgewater* The 
Tyger^e draft was 19 feet 8 inobee and the Kenty after taking her gnus on board, drew 
apparently 19 feet ^ inches 

23. They moved up to Miqyapur on the 29th, where the Kent landed two guns to assist 
Colonel Dhve in attacking Budge-Budge fort. Then, according to the Tyger^ log: 

" December 30th, engaged l^ugia Bougia fort. Deoembex Slst, demolished it and droppi^ 
up the nver.” * . • * 

^^o mention is made of seaman Strahan's exploit lu capturing the fort that momiDg 
single-handed, intoxicated, as described by Ives, Surgeon of the Kent.) 

After takin^anna fort m Garden Reach on the way up, old Fort WiUiam at Oaloutta 
capitulated after a slight engagement on New Tear's Day, 1757. the tindgewaltrand 
Kingfiehar were sent op the nver,to attack the Nawab'sfort at Hooghly. This they 
captured as laconically recorded inihe Brtdgewater'e iogx ” Janoary lltb, attaokftd and 
took and burned Hooghly fort.*' 

24. The K%HgfUher*e draft according to her log was 11 feet 6 inches forward and 
11 ffiet 2 inches aft, and the Bridgewater probably drew 14 feet. The form<«r vessel was 
sent up from Hooghly, but apparently had not got far, perhaps to BanSb^a, when sending 



ter bote lo OMBd oho ooifld not And water to fioat her and so dropped down to 
b st w es a the Portogaeae Ohnroh at Bandel and the fort which was jost below the present 
site ef the JabUee Bridge. ^ 

25. It would have been fall moon on January 5th, 1757, and assuming the tides 
were aboot the same as at present, there wonid have been aboat 7 feet rise at high<water at 
BhndeL This wonid meat) that there oonld not have been more than 5 to 9 feet, if as 
mnoh, on the Bansbena bar, which is abont tftie same depth as at present. On the 10th 
Jannar j, when presumably the two vessels passed Chinsara, the rise of tide at high-water 
would kiave been 9 feet 6 inches, so that the Chinsara bar must have had at least 8 or 9 
feet depth where there is now only about c feet, so this locality ha«i deteriorated, bat as 

•explained, this would probably be due to local causes. 

26. On March tbs' 14th, Admiral Waston decided to attack Chandernagore and, 
according to the jonrnal of Edward Ives, Surgeon of the Kent : “ Aa soon as everything 
was in readiness on board the fleet and the ships cleared of their saperfluons stores, 
thefc also moved up the river with the flood tide ** This ^ould indicate that the ves elS 
were lightened and probably their drafts would not have exceeded 18 feet. The Asiof, 
Tyger and SaUelmry apparently crossed Barrackpnr bar, or Charnock shoal as it was then 
called, on the afternoon high-water, first of spring tides of the 17th March with aboot 
8 feet rise, and Ichhapar bar, or, as it was called, Banca Basar shoal, at high-water un the 
afternoon of the I8tb with a nse of about 9 feet, presuming the tides have no( materially 
changed The Kent and T’pper anchored below Chandernagore on the 19th, where the 
Bn^ewater and Ktngfieher had already arrived, and the Salisbury joined the squadron %he 
next day. After some preparation, at’6 a.m. off the 23rd March 1757, the vessels weighed 
anchor and, passing inshore of three ships which had been sank to block the channel, 
opened the attack. The Kent and Tyger anchored abreast of the fort, w}|[i!e the 

oonld not get into position to engage. According to the KenVs log — 

** March, 23rd, 1757,9-15 A M. The enemy hoisted a flag of truce Eknployed getting 
the ship warped into a more advantageous berth for engaging. Lieutenant Porreau and 
18 men killed, myself and 46 more wounded. 4-30 F.M., His Majesty’s colours were 
hoisted at the fort under a salute of 21 guns ” 

On April 1st the Kent weighed and dropped down to Shamnagar 

April 2nd, weigb^ and dropped down to the French gardens (Gonrhati) and 
anchored in 4 fathoms, carried out 2 warps—one of 3 hawsers bent to the stream anchor 
and the other of two hawsers bent to the kedge—to warp over Banca Bazar shoal 
(Ichhapur bar) ” 

“April 3rd Weighed and warped—but the wind being strong the warp broke and 
the ship grounded.** 

“ April 4th Got afloat, slipped the best bower and warped over the shoal, dropped 
down, and at 6 P M anchored below the Banes Factory (Serampur). Employed laying 
out warps to get the ship over Charnock shoal.** 

“ April 5th, 2-30 P.k. Weighed and warped across P M, anchored in 61 

fathoms.** 

“ April 6th. Weighed and dropped into Bamagnll (Barnagur) Reach, anchored in 
7 fathoms, earned out the stream anchor and 5 hawsers to warp*over the shoal and at 
5-30 P u. moored off Calcutta *' 

27. It would have been full moon on the 4th April, and on the 3rd when the 

attempted to cross Ichhapur bur there would have been a rise at high-water of 
about 8 feet. On the 4th when she crossed, high-water would have ^en 9 feet 
6 inches. On the 5th April she waitei^ill high-water, which would have been abont 
10 feet, to cross Barrackpur bar. When she warped across Barnagur shoal on 
the Gth, high-water would have been 12 feet. Kow the Kent and Tyger were the 
largest ships that had ever been up the nver The draft was 19 feet C motes before 
arriving at Calcutta and even though they had probably been lightened, it was apparently 
recognised as a risk to take the vessels so far up the river. It has been seen that Admiral 
Watson started no at the beginning of the spring tides and down early in the springs, 
apparently so thX^ in the event of grounding, there would be every possibility of the 
vessels floating on the succeeding tides which would be higher. 

28* The obstructions must have been serious, as the French at Chandernagore con¬ 
sidered themselves immune to attack, so that, according to Ives, it was “to the great 
mortification as well as the astonishment of the French (who bad flattered themselves it 
would be impracticable for ns to bring up onr largest ships) on the 18th the KemU Tyger 
and Sailiehury appeared in sight of the fort and then turning the point of Chandernagore 
reach, anchored the 19th, off the Prasslan Octagon, from whence we had a fall view of 

the towu'and fortification.Jnst below the Fort of Chandernagore *there was a large 

bank of sand which made the passage very narrow; to block np this channel, they 
had sank three shijM loaded with ballast, the masts of which, however, appeared above 
water.** 

29. The vessels crossed Barraokpnr bar on the way ap writh a rise of tide 
Of abont 8 feet and on the wray down the Kent warped across with 10 feet 6 inches 
rise. Now even assaming the vesels were of 19 feet draft, the depth over the bar 
sedaoed to present datum most, therefore, have been something greater than 12 feet 
and yet less 18 feet, otherwise it would not have been generally recognised at a 

Shoal in those days. Considering the evident difficulty of orosaiiig the bar and tbs pains 
taken to cross at high-water, it may > be accepted with a fair d^ree of aooaraoy that the 
de$^ was between 14 an^ '^^tch would have given 22 to 23 feet at high-water 
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on the 17th March when the ehipe paaied upward bound and 2i foot 6 iaolioa to MS $ 
inchoi depth at high-water on the 5th April when the A'antpaased down. On feherlohhapnt 
l>ar. which the veBaeia oroeeed at high-waters of 9 feet and 9 feet 6 Inchea, the rednood 
depth must haye been appiozimately the same aa on the Barracfcpur bar, or about 14 to 
15 feet. The depth on those two bars in 1757 may therefore, haye been one to two feeti 
and certainly not more than 2 feet, greater than it was in 1909, when the depth on bol^ 
bars was 13 feet. As the Aent.had to work across the ' Bamagull ’ ahoal on the dth April 
1757, a bar of from 16 to 18 feet must haye existed in that locality where there is now 
nothing less than 22 feet of water, though there Is a 19 feet bar higher up at Anadeh. 

30. From this comparison between the modern state of the channels sboye Calcutta 
and the conditions 160 years ago, the following conclnsions may be drawn-t— 

The bar at Bansbena is of approximately the same depth now as formerly. The 
shoal at Chinsura has deteriorated from 10 or 12 feet to 3 feet, bnt this is probably only 
due to local causes and cannot be taken to indicate gei^eral deterioration. The bars at 
Tchbapur and Barrackpur may haye deteriorated, bnt very slightly, while'the ohaahel 
lower down at Barnagui has improved. As a matter of fact the condiitions in the ^pper 
section of the Hooghly cannot be said to haye altered materially m the past 160 jears, 
though in 1757 the Kunti Nadi branch of the Bamodar was probably actiye. 

31 In recent times, two surveys have been made, one in 1884-85, in which the 
soundings qf the river we;;e taken up to Shamnagar, and another 24 years subsequently in 
19u9, when the river was completely surveyed as far as Bansbena. A section of about 
11. miles from the northern boundary of the Port, at Cossipur to the narrowest point 
above Barrackpur has been taken and corresponding cross sections in it, at intervals of 
1,(M)0 feet, have plotted and the areas calculated. These have been shown as curves 
(Plate No. 14), the asaa in square feet being represented vertically and the distance in 
lineal feet along the axis of the river horizontally, and fiom the figures, the cubical 
contents of the, river at high-water (18 feet) and at datum (lowest low-water) have been 
calculated with the following results 
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It will l>e seen that the change is practically inappreciable, being slightly greater 
in the latter year The surveys tvere unforlnnately made at different seasons, that in 
1885 being at the end of an abnormally high freshets in Novimber, while in 1909, the 
soundings were taken near the end of the flood-tide seasons after an ordinary freshet, so 
the ud>autage in this respect was in favour of the earlier year 

32 An examination of the curves will show how cousideraUty individual cross 
sections vary in the cousse of even three or four months in the dry season ; this, of course', 
18 to be expected with the changiug tidal conditions, as the cross sections most favourably 
situated with regard to the flood and ebb currents, naturally oscillate in area as the one or 
the other tide predominates, so that one part of the river fills, while another part scours 
alternat ly in different*' seasons. It is evident under these conditions that it would 
be hopeless to en<leavour to ascertain whether general conditions had changed by 
a comparison of individual and isolateil cross sections and it was in order to eliminate the 
effects of these fluctuations in sectional ureas due to seasonal variations, that the toregoing 
method of comparing capacities of a strip of river by taking sectional areas a short 
distance apart and deduciug therefrom the otibioaf contents, has been adopted. In this 
oonuection, it may be remarked that it would be very unsafe to draw general conclusions, 
such as those deduced by Major Hirst regarding the rise of the river bed with a fall in 
water-lev^l, simply from a comparison of a single section taken below the Jubilee Bridge 
in different years (pages 37 and 38 of his Keporth The section was m each case taken 
in a different month, from 5th February to 5th June, and as already explained varying 
tidal conditions might cause considerable variations in area at different times in the same 
year and, moreover, the proximity of such a disturbing factor as the bridge would of itself 
vitiate any oouclusions from the results. Major Hirst further states that the oiroumstan- 
ces when the section of 1883 was taken were abnormal as a bund had been constrooted 
across the Bhagirathi entrance which did not burst till the 18th June, thus preventing 
the usual rise of the Bhagirathi due to the rise of the Ganges in April. 

33 • The spill from the Ganges through the Bhagirathi is seldom appreciable before 
the middle of June and in ^000 and 1901 two of the years under oompai^n, the levg^at 
the entrance did not being to nse till the beginning of June, and then rose only 2 feet by 
the 18tb of the month, so that the effect on the Hooghly would have been inappreciable. 
From tbe gauge records at I'erhampur the levels in 1885, both oefore and after the burst¬ 
ing of tbe embankment, were not exceptional, and the conditions in that year oaonot bO 
said to have been abnormal even in the i bagirathi and consequently they would have i 
been even less so on the Hooghly. 

34. Owing to the deposit of large quantities of stone, the erection of the Jubilee 
Bridge has probably had certain local deteriorative consequences which have sheeted the 
ohannel lower down at the site of the Chinsura are, but what is of far greater imncnrlaBoe 
IS its effeot on the general regimen of tbe river. Its influence may pciaibly be traeed In* 
the sharp nee of the low-water line between Oauripur and Bumardaha, which wUI be 
dealt with in the consideratiOD of the Hooghly tides. 





B&k To return to the oomparieon ot the sorreye of the npper portion of the river, 
lOT^adlaal aeetions have been plotted frozd Burreye made in 1875 to Barrsokpnr and in 
1889 and 1909 to Shamoagfar, reprodnood on Plate No. 19. It will be remarked that 
the 1875 Motion is the worst of the three and more water was available over the 
chief bare at Barraokpnr and Ichhapnr in 1909 than in 1885. The foregoing oomparisons 
of the enbioal eapaeities and longitndinal sections, indicate that at least there had been no 
progressive deterioration of the upper section of the Hooghly between 1875 and 1909 and 
probably an improvement. Reclamation works and encroachment on the channels have, 
however, been in progress, and the effects of some of these works will probably be 
deleteriOTU and will now begin to be increasingly manifest. 

36. Since 1885 there have been consid^^rable changes opposite Chmsnra, bat these 
have been largely due to the effect of the Jubilee Bridge. Owing to accretion on the left 
bank below the bridge, the Oouripnr Mills have been compelled to extend their jetties 
considerably and have consolidated a great portion of the inner'ends. Xow, as pointed 
out before, about this site the river changes its character from an unstable to a flxe^ 
regimen and it is possible that the movement of the channel close to the right bank was 
due as much to alteration in the river above, as to the efiect of the bridge. The change 
may, therefore, very probably have been a natural Oscillation, so that m course of time, 
the channel might tend to travel across again and this movement will be restricted by the 
works since carried out on the opposite bank. A large island, or in fact two islands, 
which existed opposite and below Chinsura College in 1884 remained in posikou, though 
probably diminishing in b>ize till after *1896. ^They have since entirely disappeared and 
the channel has, therefore, been considerably widened and has consequently shallowed. 

37 These changes have taken place where the nver has not fully established a fixed 
regimen and are consequently not now of the same significiiice as considerable erosio i or 
accretion lower down, but with the fixation of the banks owing to the erection of mills 
above and below the bridge, the regimen of the river here will be more stable m the 
future. Between Chinsura and Cossipur the natural tendency h for erosion to take place 
along the bights As the banks are hard and fairly well consolidated, the rate of erosion 
is generally very small, being about 2 to 3 feet a year and slightly greater opposite 
Barrackpur and the Park where the bigh-water line has cut away about 100 feet since 1885 
However, in places sneh as at the Palta Waterworks, pockets are eaten out, owing to eddy 
action in softer soil and the erosion in such places is \ery much greater Natural 
accretion is almost entirely a) sent, but at one place opposite Palta Point, the right bank 
has since 1885, filled in about 400 feet below a sharp point This has obliterated the 
point and made the bank regular. This accretion may have been natural, but th^ poi.it 
which IB shown ou the 1H85 chart appears very unnatural and the indications aro that it 
had then been recently built out artificially for brick*makiDg purposes 

38. Oases of artificial reclamation are very frequent in this section of the river. 
Heluw Chln^ura, the left bank from the Anglo-India Jute Mill has been built out, till the 
point opposite Chanderaagore had m 1909 been thrust out as much as 250 feet beyon 1 the 
high line of 1885 and the jetties oC the Alliance and Alexandra ^nb‘ Mills jut out ov>r 
200 feet further into the river This is at a placs where the river is already very narrow, 
being now only 1,400 feet wide and the reclamation which continues down to th' 
Auckland Jute Mills, accei^ates the bend. The effect on the opposite side is -shown by 
a cutting away of the rigwbank to the extent of 200 feet about midway between 
Chinsura and Chandernagore, but below this and right opposite the point, a now mill has 
been erected. This has consolidated the bank along chur land which the river form ‘rly 
overflowed and has farther restricted the channel. 
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39. At Paikpara, the first point below Chandernagore, the Victoria Jute Mills have Victoria Jute 
built up and consolidated low ground opposite the sharp bend at Sh'amnagar. From MiIIbai paikpara 
Champdany Ppmt to Baidyabati, the right bank hu been raised and consolidate 1 tor brick /vocretioo from 
fields, but for the most part, the river here is ^de At the lower end, where U narrows 

at Palta point, the aooretion mentioned before has cause 1 restriction Below Serampar, Giwt^lamation 
'from the H'^wrah Water-works at the pome, to the Wellington Jute Mill, there ha-i been AtMabeeh 
considerable reclamation for an average width of .100 feet in a mile of foreshore. The 
accretion at the point at Mahesh opposite Khards had lieen as much as 400 feet between 
18^ and 1909 and the river here IS nowcast over 1,500 feet wide the Wellington Jute 
iCill jetty here has been extended about 150 feet. The cause of this reclam ition can only 
be attributed to the spur and jetty built out by the Bengal Luxmi Cotton Mill which 
appears to have affected the bank above and below it, and this also appears to have cause 1 san^i L°a.aii 
^deterioration in the riverohannel below Eharda, as a patch of shallow watsr giving 16 feet 
^ depth Appears in the 1909 ohart in mid channel where the channel was clear with nothing satnal ' ^ 
less than 24 feet in 1885. Below Eutrang Point, there has been considerable reclamation 
for brlck^fleids and this has earned the Ugh line in the mvldle out as much as .500 £-iet. 

40. The greatest reclamation has, however, taken place at Calcutta itself. The right *“ 

bank from the northern bonndary pillar of the Port to Salkia, is being gradually thrown 

out and reclamation has proceeded extensively in the past 20 years along the Howrah 
foreehore down to Shalimar Point, where the former timber ponds have been filled in 
and the land raised to above high-water level. From Shalimar Point to the Botau cal 
Ourden, epors have been thrown out to enclose new timber ponds, and the enolosnres 
haW riUed up largely. On the left bank below Ahiritollah Ghat, the foreshore has been 
extended generally and quite recently large reclamations have taken place just above the 
Hewnh Bridge for the new inland vessels’ wharves and warehouses. The jetties have 
%Mii biillt below the bridge and recently extended to Ohandpal Ghat. Below Fort ^oint, 
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4L Th« DXtent to which the artiBoUl reoluMtioni haye enoroaobed on tho la 
the Port if ahown approximately on map No. 17 where the present conditione aiy poatihited 
with those in 1793. It will be obeerrc^ that what was a eouoave bank fK>m AhintoUali 
Qhat to Chandpal Ghat baa been now earned ont to practically a straight line for 
parpoeee of wharyee and jetties. The river at that time extended well back to 
beyond the line of the present Strand Road and the maximum reclamation has taken 
place at aboat the present position of the Mint. A great deal of this reolamatlon 
IS quite recent and lias reduced the throat of the river at ite narrowest part at the Howrah 
Bridge. On the right bank* land has been reclaimed on the Howrah side to about half 
the width of the nver in 1793. 

42 It IS recognised that the erection of mills and works on th^ river bank is a 
necessary concomitant of the indnstrial expansion which fosters the trade of the port, but 
, wise and far-seeing control is needed to preserve the necessary balance between the 
ihtereste of the conservancy of the nver and those ot local indnstrira which are mutually 
interdependent. As a matter of fact, the erection of mills along the river bank is in 
most cases far from being prejudicial to the river. On cutting banks, walls are usually 
built to protect the foreshore and this fixation of the banks where natural erosion is 
active prevents undue widening and helps to preserve the general regimen. However, in 
many oases^ mills S)re built at points or on the convex banks. Under these ciroamstanoes, 
the depths at the jetties are naturally shallow at the worse season and the tendency is to 
extend the jetties and consolidate the lonet ends and low-lying land msliore. These then 
form natural obstructiona to the flow of the flood-tide, accentuate the bends and cause 
accretion along the bank, where areas over which the tide spilled at high-water are 
reclaimed. The argument is sometimes put forward that the eflect is simply to 
deepen the channel on the opposite side and so the river maintains Its discharging 
capacity. This would most probably be the case in a non-tidal ri>er wbeie the eflect of 
an obstruction, even if harmful, would be local, but the oircumstances are quite diflerent 
in a tidal river In such n river U’l the Hoeghly which depends for eight months in the 
twelve on tidal action to keep the lower channels open, interference with the flow of the 
flood-tide reduces the force of the tide wave above the obstruction. The downv^ard swing 
of tha ebb tide is consequently diminished and the river bed may, therefore, fail to react 
to the reduced width and the restriction m cross sectional ardh would become permanent 
and the tidal reservoir reduced. 

43. The resulting restriction of tidal influence in the upper reaches would have a 
generally harmful eflect on the whole regimen of the river and consequently all works 
which tend to obstruct the tide-wave have to be carefully considered in their general, 
apart from their local effects. For lustance, a bridge such as that contemplated for the 
Hast Indian and Bengal Nagpur Railways at Bally-Uttarpaia maj upparently provide 
sufficient waterway for the ordinary discharge, but the number of piers m the nver bed 
may, by opposing the natural movement of the tide, considered as a wave and not as 
* current, reduce tidal action above it with harmful cou*-equenoes to the general regimen 
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The Tributaries of the Highly. 

1. Before dealing with the Hooghly river prOper as the approach to the Port of 
Calcutta, a description may be given the various tributaries which augment the supply 
frofii the Nadia nvers. The drainage of tfie Burdwan, Hooghly and Howrah districts, 
south of Nadia and east of the Daiuodar channel, is carried into the Hooghly on its right 
bank by various fairly large creeks or khal such as the Kbana Nadi already mentioned, 
the old Sifraswati nver or Sankrail khal, Baokoh and Chak Nasi khals above and below 
Budge-Budge. Ulubena creek at Uluberia, Hog river creek entering opposite Bml Point 
and Pukuria creek opposite Fisherman’s Point. In addition, the regular drainage of 
the Howruh district including that from the Rajspur bil to the west of Howrah is carried* 
tbrou^fh sluiced outfalls at Baidyabati, Hally, Garden Reach, Fir Serang and Sisbana. 
None of these individually, carry an appreciable supply into the Hooghly and no figure* 
are available, but calculating from the rainfall and run off, the total supply from these 
sources and smaller khals from the west into the Hooghly from Nadia down to the 
Damodar outfall, may be roughly estimated at about 2,500 million cubic yards, or an 
average Mischaxge of about 4,270 oosecs during the six mouths from Ist June to 30th 
Noveinber. With a genera^run off of about 1 inch, the maximum rate from^l thege 
sources combined would be about 30,000 onsecs 

2. A smaller quantity is brought by the drainage from the country to the east 
through creeks, such as Fulta khal and the large drainage outfalls at Akra, Bndge-Budge 
and Royapur. The new Mavra Hat Drainage scheme which drains the lower part of the 
country cRst of the Hooghly has a sluice and lock at Diamond Harbour where the 
former large creek has been dammed acrose, and there are other drainage ontfalls at 
Ealpi and at Tengra inside the Rangafala island. All these tatter, however, are only 
minor systems which carry the local surface water and they do not contribute materially 
to the Hooghly supply. 

3. The tributaries proper of the Hooghly are four In number, the Damcdag, 
Rnpnarayan, Haldi and Rasn^iir riven, all entering from the west on Hie right bank c# 
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i/ The Bamoc'ar, which hae Iti Bonroe weet of Hanchi and Hasanbagh, drains the Damodarrtw 
the Chbota Nagpur hillB. It has one large tribntary, the Barakar river, riaing north of BarakartiTw 
Haaaribagh. Alter passing the town of Bnrdwan, the Damodar makes a great right- 
Aigiad bend above Behmabad and ihe'u flows south past Amta, the actual river ehannei 
Calling into the Hooghly opposite Fnlta Point at the head of the James and Mary Reach. 

5. According to De Barros, the main chaanel of the Dambdar in the 16th 
oentnry apparently followed the course of the present decayed Kana Damodar khal 
taking off below Behmabad and entering the Hooghlj at Uluberia where there was an 
Island. Later in the 17th century, Van Den Prouoke^s map^ 1660, shows the mam 
Damodar flowing sonth into the Rupnarayan somewhere in the position of the present 
haksi khal: a smaller branch entering the Hooghly by the present Damodar channel and a saim branch of 
largff branch, already mentioned, flowing straight past Bardwan apparently along tiie line l>»mo<iar 
of the Gangnr Nadi and falling into the Hooghly near Amboya or Halna. Shortly after, 
this Kalna branch was deserted. The Kana Damodar channel entering the Hooghly near 
Dlnberia apparently became the main Damodar ohaonel and another northern branch 
opened. This took off also at the great bend near Behmabad following the course of the * ^ ir i 

present Kana Nadi south-east to near Gopaluagar, where it made a wide sweep and turning 
north-east along the present Kunti Nadi entered the Hooghly at Noaserai* where the 
remains of the old ebaunel are still easily discernible. This appears to have beei^he 
position towards the latter end of the 17th ceninry. A chart of about 1690 reproduced 
as map No. 9 shows the Kana Damodar called the Jon Perdo river, as quite a large iioatenii branob. 
stream entering the Hooghly near Ulnberia where the formation of a large island shows Chart of 1690 
that the tributary must have been of some magiutude.t An insignificant creek no bigger JooPerfonTer 
than the ordinary khals and called theMandala Ghat river marks the present positio i of the 
entrance of Damovlar opposite FuUa Point The Kana DamoJar seems \o have decayed nver 
rapidly, probably owing to a diversion of its supply into the Kana Nadi and in a revised 
edition of the 1690 chart, emanating probably between 1720 and 1730, the Jon Perdo river 
IB shown muoh narrower and the island in the Hooghly had disappeared. Later m a map lo 

of about 1700, the Jon Perdo river had deteriorated into a creek called the Goreegang^ pro- chart of 176 C 
bdbly intended tor Bun Ganga or*old Ganges. The influence of a large tributary entering 
on the opposite side of the river previously, is shown on this map by the unnatural concavity 
of the left bank of the Hooghly above Uluberia. The bank adjusted itself gradually to its 
present gr normal condition, but in Ritchie and Lacam’s chart oC 1785, the concavity is nttchai chart, 
still well defined though the Kana Damodar is represented as an msigniflcant creek. In 1785 
the meanwhile, changes had been taking place m the upper branch of the Damodar, or 
Kana and Kunti Nadis. This in its latter portion had an obviously uunatural direction 
to the north-east which will be realised by the fact that the Saraswati river, which left 
the Hooghly at Tribeni about three miles below Noaserai, would have been flowing in a 
generally parallel but reverse direction to the Kdnti Nadi, at Bimes only a mile away 
from it. The latter must, therefore, when the Hooghly ISvel was high, have acted as an 
effluent owing to the Hooghly water backing up into it and only been changed to an 
affluent when the periodic floods came down the Damodar *Tbe inhabitants of the 
adjacent country probably endeavoured to maintain the channel of the Knnti Nadi by the 
construction of marginal embankments and this stream may have been given in this 
manner an artificial and preoarious existence for a period It probably took an increasing 
B pply diverted from the Kana DAnodhr, and the bed level under the conditions was* 
probably rapidly raised, particularly in tfaeKunti Nadi, until the channel could no longer 
accommodate the supply. About the middle of the 18th century, the Damodar suddenly 
deserted this branch and took a southerly course past Amta flowing into the Hooghly by 
its present channel or the Mandal Ghat river. ^ 

6. Reunell about I76U refers to the Kana and Knnti Nadis as the old Damodar and 
indicates that the river deserted this channel in 1757. In a map by Dn Gloss, one of 
RennelPs^ assistants, dated 1766, the lower Damodar is shown very much as at present 
though uarrower at its mouth aud called by its old name, the MandsJ Ghat river. It split 
at Amta into three small creeks, so that the high floqd discharge of the Damodar must 
have spilled and could i\ot have been earned into the Hooghly by one channel. It seems 
^probable that the Damodar has at no time discharged all its water into the Hooghly above wboi« Damodar 
its present outfall, but before the middle of the 18th century, at times quite a fair diMha^, never 
percentage of its supply mtSst have entered above the Moyapnr b ir when thd upper 
branohps, such as the Banka Nadi, the Kunti Nadi and the Kana Damodar uiiernatel; 
were'operating. Since the last diversion of the Damodai^bout 160 years ago, the Upper 
section of Hooghly has been deprived of this additional supply. It is a fad that the 
great Damodarfloods at the end of September, 1823, affected the river levels at Calcutta 
considerably and the low-water level was raised to the extraordinary height of 20-6* 
above Kidderpnr Old Dock SiH, the range of tide for tha day at Calcutta being only low.watwrat 
19 inches, so that a considerable portion of the Damodar Apply must hive poured into gepMa^"i8SS 
the Hooghly above Calcutta. This most, however, have been for the most part cross dve to Damodar 
country 8p(ll from Bardwan and flow by the Kana Nadi which was not dually closed till ^ 
abOii.t 1866 an4 this acoentngted the already high-level of the Hooghly due to the abnormal bankof DAoodar 
* Gaa^s supply of that year. While the Damodar was spilhng through the Knnti aud andeoDB^oot 
Damodar branches, it mu^t have built up the weak places along the left bank until 
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the ohennel wm diverted into the kmtM route, 'i^e teudeooy woold thea heve hMM ler 
the ehannel to travel weetward end we know that in the-iniddle of the I9th"wiiitnfgr^ 
ooneiderebie damage waa done, due to floodg pouring over the right embankmi^to |rlU& 
in were in a very bad Biate of repair. It was decided to remove theM emlNUflk- 
mentfl altogether for twenty milee from Sangatgola, twelve milea above Bordwan* rigitt 
round the great beud of the nver aud this was completed between 1856 and 185^1 Itt 
1865 the great B^aa breach at the lower end of the abandoned rlght^mbankment opened 
and since then practically all the heavy spill from high floods has poared over the right 
bank of the river and through the oountiV to the west of the Damodar into the bead of the 
Bupnsrayan between Bander and Rautohak. The removal of the right embankments 
relieved the pressure on the left bank of the river, but the result of the unrratricted spiU 
on that side since the middle of the 19th oentnry has been such, that thtfright margin of 
the river has been raised, until in places it is now as* much as 9 feet higher thau the 
adjaoeut country to the ea«it of the river. The river bed has also been rising and^ the 
consequence is that a severe strain ts now thrown on the left embankment during heavy 
floods. The tendency is now for the river to force a passage again through Burdwun into 
the Hooghly near Ealna and the consequences of this avulsion would be so serious, not 
only as regards the damage to the intervening country and the town of Burdwan, but 
also in its effect on the Hooghly, that remedial measures are being earnestly 
considered. The most satisfactory solution appears to bo the oonstruction of reservoirs in 
the BarakaV valley to impound the supply, so as to regulate the discharge during abnormal 
periods of rainfall. 

7. The foregoing probable history of the Damodar has been sketched in some detail, 
as in the past its influence on the development of the Hooghly channels has un¬ 
doubtedly been considerable and it may conceivably again play an active part in the 
future It will have been seen that the river is an active delta builder. It has a drainage 
basin of 7,211 square miles above Raniganj, where it carries a maximum discharge of as 
much as 650,000 cusecs, as in August 191.3. The discharge is carried down from the hilly 
country in sudden torrential rashes, the floods rising and subsiding rapidly, the duration 
of the flood vanes ordinarily from one to three days, though in August 1913, it lasted for 
123 hours Great quantities of sand are earned down in these tumultuous rushes, which 
are deposited when the current enters the flat country below Raniganj. The river is con¬ 
sequently unable to scour out and maintain a single adequate channel and the flood spills 
over the country. Any mam branch of the river which carries the ordinary discharge is 
gradually built up on a ridge by the raising of its bod and banks by spill, until the 
conditions beedme impossible and the river deserts this channel for a new one though the 
low-lying adjacent country. The construction of reservoirs while reducing abnormal 
flood heights would regulate the discharge and prolong the duration of the floods, so giving 
the river channel a bettor chance of carrying the suspended sediment and the present 
main or Amta channel may under these olrcumstances be expected to improve. 

8 . The average monthly discharges vnth minimum and maximum rates of the 
Damodar for the rainy siason from 15th June to 1.5th October, are given in the statement 
at the end of this chapter these have been oaiculated from the gauge heights at Raniganj 
for the period 1913-17. It will be seen that the maximum discharge in 1916 and 1917 
leaohed to nearly 400,000 cusecs, while in August 1913, it was 650,000 cuiecs with a gauge 
height of 22 feet 11 inches , these rates are, however, only maintained for a few hours. 
However, the total quantity disoharged in the August flood of 1913 was as much as 5,053 
million cubic yards m 123 hours and this wa^ over 27 per cent of the total disoharge for 
the whole four months of that season and over 50 pn cent, of the total discharges for the 
rainy seasons of ^1914 and 1915. From the statement it will also be seen that with a 
temporary oesiation of ram, even during the monsoon mouths, the discharge of the 
Damodar sinks to practically nothing 

9. ']]he total quantities discharged by the Damodar in the four months of the rainy 
season from 15th June to 15th October are given in the statement as varying between 
8,517 million cubic yards in 1915 and 26,568 million cubic yards in 1917, in which year 
there were four distinct floods. With the exception of the loss due to evaporation and 
alisorption an route, praotioally the whole disoharge of the Damodar at Raniganj eventually 
reaches the Hooghly, but with regiitpd to the effect on the channels of the latter, it is of 
importance to know the proportions of the supply earned by the'ilifferent channels mta 
the parent stream. In the 1913 flood, of the 650,000 cusecs discharging at Baniganj, 
158,000 ouseos passed ihtongh breaches in the left emb^kment through the toign of 
Bardwi^u and into the Hooghly by the Banka Nadi and over the country west of Kalns^ 
and another 16,000 cusecs went through breaches in the left.embankment lower down 
entered the Hooghly near ITluteia The rate of discharge by the time all this water 
reached the Hooghly was naturmly very much reduced, and it had no effect In raising the 
river levels at Oaloutta. Four hundred thousand oaaecs spilled over the right bax4t above 
and below Burdwan and found its way into the Baksi l^n of the Bupnarayan. The 
remainder, 50,000 cusecs, p^ed through the Amts ohanW* After the flood had pi^ed < 
down the river, probably anotffer 50,000 cusecs spilled back in the vicinity of the Ghaig1ui»a, 
khal from the ^ksl basin, thus prolonging the disoharge into the Hooghly* at Fulta Point* 
When bank full, the Amta ohannel is calculated to be able to carry not more than 50,000 
ousecs and last year, 19X7, the dry season discharge of the Damodar passed through thip 
channel, so subtraotii^ all discharges over 50,000 ousecs and taking two-fifths of the 
balance, allowing three-fifths for spill in the low-water periods through the B^uVan^ 
other ehaunele on the right bank, we may arrive at a rough gueea of ^e total d&ehaj||e. 
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fof th« teMon through the Damodar ohannel at Folta Polat. This gives a total auoont of 
6,000 talliion onblo yards, or an average rate of discharge for the foar months of 15,000 
eoseca. This was, however, in a year of abnornully high discharge; on the other hand, 
in a year as 1915, when the Damodar disoharge was abnormally low and taking two- 
fifths of this disoharge below 50,000 caseos, the total quantity passing through the Amta 
o&annel into the Hooghly, would be abont 2,600 million cabio yards, or at an average rate 
of 6,600 ooseos for the four months. 

10. The average total disoharge of the Damodar from 15th June to 15th Ootober for 
the period from 1U13 to 1J17 was approximately 16,000 million onbio yards, and this 
would be probably about the average annual discharge of the river. Of this quantity 
roogh'y an average of 6,600 ouseos for the six months from let June to .10th November, or 
a total quantity of about 4,000 million oubio yards reaches the Hooghly at Fulta Point and 
the remainder by the Kupnarayau. 

11. The Rnpnarayan is formed at Dander, just east of Ohatal, by the confluence of 
the Dalkhisor and Selai rivers, both rising east of Purulia (Manbhum) After passing 
Tamluk, it expands into a wide basin and then enters the Hooghly through a narrow but 
deep neck at Gewankhali opposite Hooghly Point and at the lower end of the James and 
Mary Beach. About 15 miles above Tamluk, the Rupnarayan is crossed by the Bengal- 
Nagpur Railway at Kola Qhat and 10 miles further up, the Baksi khal takes off from the 
left bank and connects the Rupnarayan with the Damodar through the Ghatghata khai. 
The Selai river has a catchment area of 1,384 square miles with an estimated flood 
disoharge at Garbeta in its upper reaches, of 72,063 cusecs, while at Ghatal near its 
ooufluenoe with the Dalkhisor, the fipod discharging capacity is only about 21,566 cusecs, 
the remainder spilliug over the country to the north The Dalkhisor basm is of some¬ 
what the same extent as the Selai. There are no data regarding the total discharges of 
these rivers, and as it is necessary to arrive at some idea of the supply brought by them 
into the Hooghly, I take a run off of 60 per cent, for a yd.ir of average rainfall of .50 
inches for the whole basin of about 2,800 square miles and get a total quantity of 7,000 
million cubic yards 

12. The Kosai river which rises west of Purulia and flows past Midnapnr, spills 
during high-flood over its left bank below that town and this spill together with the dis¬ 
charge through a branch of the river at Kapastekn, finds its way into the Selai at Dewan 
Chak south-west of Ghatal It has been calculated that of a total flood discharge of the 
Kosai of 187,000 cusecs at Midnapur, about 142,000 cusecs spilled over the left bank into 
the Selai, and with a moderate flood of 110,600 cuse<» at Midnaporo, 60,000 cusecs spilled 
above Kapastekn. Owing to the restricted channels of the Kosai and Dalkhisor at 
Ghatal and Bunder, the surrounding region is subject to 'severe inundation during heavy 
floods, which 18 accentuated by the backing up of the discharges of these rivers when 
there is a heavy floo 1 spill from the Damodar into the head of the Rupnarayan The 
lower channels of that river are incapable of passing the whole discharge and the com¬ 
bined spill 18 then held up in the country above the Baksi khal yvhich forms a reservoir 
or basin. The spill is passed at a regulated rate through the narrow neck of the river 
Hbelow the Baksi khal and it is estimated that at the Kola Ghit bridge, the maximum 
discharging rate of the Rupnarayan is 235,000 cuseoii ; this Would probably be the 
approximate maximum rate of discharge into the Hooghly at Gew mkhali The approxi¬ 
mate total average discharge of the Damodar into the Rupnarayan has been estimated at 
12,000 uniUon cubic yards, adding to this 7,000 million cubic yards as the average supply 
from the Dalkhisor and Selai rivers 6hd, say, 4,000 million cubic yards spill from the 
Kosai, the to^al discharge which enters the Hooghly in an average year through the 
Rupnarayao channel would be 23,000 millibn cubic yards giving an average rate for 
the BIX months from 1st June to 30th November of about 39,100 cusecs In an abnormal 
jear such as 1917, when about 21,000 million cubic yards overflowed into the Rcmnarayan 
from the Damodar, the totil supply discharged into the Hooghly would have reacned abqut 
«35,000 million cubic yards at an average rate of about 60,000 cusecs during the period 
from Ist June to 30th November. 

13. In addition to this fresh water-supply, the Rupnarayan provides a magnificent 
basin -or reservoir for the reception of tidal water and the influence of this river on the 
Hooghly IS shown in the splendid wide and deep channel scoured from the confluence, 
right down to Kalpi, a distance of nearly 15 miles, by the combined discharges of the 
two rivers. As in the case of the Rasulpur and Haldi and many other rivers, tidal spill 
in the upper portion of the Rupnarayan has been completely restricted by the oons- 
truotion'of embankments, shutting out Udal water. This action has ruined nvers, such, as 
the Rasulpur and others in the Sundarbans. 

14. In the basin of the Rupnarayan above the neck at Gewankhali, great changes 
are continually taking place. The area is largely occupied by low islands, or churs, 
which are more or leas completely covered at high-tide, and these chars are continually 
changing form. A few years ago, erosion was extremely active on the right bank just 
above the neok and threatened to cut into the Orissa canal some miles away from the 
Gewankhali lock. This erosibn suddenly ceased, and in a couple of years or so, the whole 
bight which had been scooped oat, refllled and became chnr land. Erosion was again 
tidcing place actively along the right bank higher up last year ai^d in a survey which was 
being made, the coast line had to be mapped and soundings adjacent taken almost 
simultaneously and the whole work had to ba completed in a fortnight, otherwise the 
parti of the o]»rt would have been changed in relation to each other. 
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is. The Heidi river H fcmaed by the oottSaenee of the EalUghef river, rMog aeatk* 
vraat of Mldnapur, vdth the lower bratioh of the Eoeei river. It enten the Sftoghl^ 
through a fairly wid^ estuary at Sandia opposite }fad Point. There are no dM M 
regards the discharge carried into the Hooghly. Aa we have already stated, during floods 
the greater portion of the Koa4i discharge spilled Into the Selsi river, the masimnm 
quantity coming down the Kosai channel being abont 30,000 caeeos. TaUng amazimom 
rnn ofl of 2 i inches for the 550 sqnare miles of eatohment of the Eallaghal river and 
allowing a peroentage for spill, the mssimnm rate of diseharge of this stream would be 
about 20,000 onseos. The maximum rate of fresh water discharge' of the Haldi with the 
Kosai and Kaliaghai rivers in fall flood woald, therefore, b? about 50,000 ouseos, and 
during the dry season the discharge is praotically nil. The total average discharge for the 
year, of the Kosai with a basin of 2,9 j 0 square miles, may be estimated at about 7,400 
million cubic yards, giving a run off of 60 per cent. Of this perhaps 4,000 mlllioa enble 
yards finds Its way into the Selai and the remainder which comes into the Hpldi, would 
He 3,400 million cubic yards. Estimating in the same way, the total disohar^ from the 
Eahaghai catchment would be approximately 1,500 million, cubio yards; The total 
annual fresh water discharge of the Haidi into the Hoeghly would, therefore, be 4,900, 
say, 5,000, million cubic yards. The Haldi estuary provides a tidal basin, the influence of 
which on the Lower Hooghly is shown in the maintenance of the deep vvater anchorage 
of the Jelliqgham channel below the confluence and ofl Mod Point This tidal reservoir 
has been restricted gradually by the construction of bunds shutting out tidal spill from 
low-lyiDg lands along the river bank with the resnlt that the Haldi has deteriorated. 

16. The last tnbutary of the Hooghly is tbe I^sulpur river entering on the right 
bank at Hijih This river has now praccically no influence on the channels, though 
formerly it helped to maintain the western channel approach to the Hooghly. It is 
referred to here simple as a classic example of the evils of interfering with tidal spill 
The river had dQXeriorated very considerably between 1885 and 1895, and it has now 
degenerated into a large khal which it is proposed to dam across, providing a slniced 
outfall for the natural discharge, thus completely shutting out all tidal water. The 
oommenoement of the proodss of degeneration is depicted in Mr Apjohu’s lecture at the 
Sibpur Engineering College on Silt in the rivers of Bengal’’ already mentioned. 

the case of the Basulpur river the enormous increase in the proportion of silt found in 
Its water by me, compared to that determined by Mr. Yertannes ten years earlier, is not 
to be explained by the diflPerent season of the year at which the ervperiments were made, 
but by the fact that the river had in that period much altered in character. Formerly 
It used to be of gi eat depth at the place where the canal locks into it, so deep, indeed, 
that none of the old sections which cross it recorded in the Executive Engineer’s office, 
show the depth, but in consequence of the reclamation of low-lying jungle land along 
its banks which used formerly to be flooded by high tides, having reduced the tidal scour, 
the river rapidly silted up, until in 1885 it had become almost fordable at low-water, 
where formerly it had been so deep, and since then it has become fordable. The very 
strong tides of May rufthing over the mud flats now formed, naturally stirs up the 
deposit until the water becomes practically liquid mud You see that on the I5th 
May 1885, the water actually contained 5 percent of solid matter The Haldi is another 
river which has changed Its character for the worse for the same cause, though not to 
the same extent as the Rasulpur. I found four times greater a proportion of silt in its 
water than Mr Vertaanes had done ten years earlier, but in that the of Bosnlpar fifty 
times. Twenty years ago the Rasulpur carried the less silt of the two and the second 
range of the Hijili tidal canal which was first constructed to be filled from the Hadi was 
altered in 1876, so as to receive its water from the Rasulpur, but of late the former source 
of supply has been reverted to. Compared with the Rasulpur and Haldi, the other rivers 
whose waters have been experimented on are clear and limpid streams.” 

17. Hr. Apjohn’s remarks will be borne out by anyone who has had experience of 
theffiats at the mouth and north bank of the Rasulpur which are of hardly greater 
consistency than slime; any ourreut running over these flats stirs up the mud and 
the sediment which is earned up the river with the rush of spring flood tides 4 b very 
great. As the spill at high-water has been shut out, there is no reinforcement of the 
downward swing of the current and deposit takes place during the dry season, which the 
discharge dunng the rains is unable to scour completely away again A Committee 
appointed in 1889 to report on floods in the Midnapnr district drew particular attention 
to this matter and attributed as one of the causes of the floods, the embankment of salt 
water marshes or low-lying wastes which led to the silting up of tidal creeks. They 
pointed out that as the oree)^ discharge little or no fresh water for seven or eight montha 
in the year, the oonstruotion of embankments by interfering with the free tidal flow had 
oansed a deposit of silt and detenoration of the creeks, so that thf ir beds bad been raised 
above the level of the country they formerly partially drained, with the consequence 
that the drainage of inland tracts in the rainy months was blocked. 

18. There is practically no data as regards the silt carried in suspension by ffawe 
tributaries of the Hooghly. For the Damodar in flood, Captain Carnanlt about 1830 
gave a proportion of 1 to 590 parts of silt by voinme, but Mr. D. B. Horn in 1901 gave 
the mean proportion as 1 in 1,200. Mr. Yertannes in 1875 determined a fwoportion 
of 1 to 2,650 lor the water of the Bupnarayan. The reduction in the riH charge ot 
the Bupnarayan as coo^red with Damodar is quite inteiliglbte oaring to Um fltterinf 
of the spill of the latter river before it reariies the Bnynarayan by depoiit ofl 
eonntry over which it passes. 
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19. In the Mr. VerUnnet goLft propo;i^tlOB Tolome of 1 in 977, or gay, 

1 In l,i^» Taking these figures, the t<^l average quantities of silt oarried down by the 
tri bntaries each season would be as follows:— / 

Damodar, 3*3 million oabio yards ; 

• Bopnarayan, 8*7 million cubic yards ; 

Haldi, 5 million cubic yards; 

ora total of 17 million.cnbic yards from all the tributaries in an average year. 

90. A summary of discharges of the tributaries of the Hooghly is appended. The ^ 

discharges for the Damodai ficm 1913 to 1917 are calculdted from a table compiled by Mr. 
Addams-Willams for the rates of discharge according to gauge levels at Ranigan}, but the rougUj owing to 
total, spilling into the Rupnarayan and through the Damodar channel arej^only roughly d«SaiMdnu. 
estimated. As data are not available and it is neoeesary to get some idea of the 
discharging capacities, the rates and totals for the other rivers are more or less roughly com 
pnted, and rarticularly in the cases of the Kosai and Haldi rivers are open to correction, bht 
the dischar^B being smalband variations in different season considerable, the error will not 
be appreciable in the grand total. The Rasulpnr has not been taken into consideration as 
the discharge is small and has no intlaence on the Hooghly’s navigable channels. 


DAMODAR RIVER DISCHARGES AT RANIQANil. 


Months 

1913 

1914 

1 

1915 

1916. 

1917 

15th to 30th June— 




• 


! 

1 

1 

Mean rate of discharge 

in 

35,720 

' 14,056 

18,180 

.36,322 

; 44.836 

cnseca 

Maximum rate in cusecs 

• • e 

108,800 

116,500 

79,700 

108,800 

i 

154,500 

Minimum „ „ 

see 

1,000 

600 

500 

700 

12,500 

Total discharge in mil* 

1,829 

7,197 

930 9 

1,859 7 

2,296 

lions of cubic yards 







July— 






1 

Mean rate in cusecs 

s •• 

44,007 

■KllRMiH 


22,790 

1 46,648 

Maximum rate „ 

• • • 

108,800 

BEfJrSliB 


75,000 

; 226,900 

Minimum „ „ 

• • • 

3,000 



2,000 

40,100 

1 

Total discharge 

• •• 

43,654 

31,138 * 

2,540 4 

2,260 8 

*4,627 

August— 




t 



Mean rate in cusecs 


79.320 

41,510 


42,337 

.86,458 

Maximum rate „ 

»»• 

650,000 

208.600 


143,500 

281,300 

Minimum „ „ 


15,800 

6,800 



18,300 

Total discharge 

a e ■ 

7,868*5 

4,117 8 

1,859 • 

4,200 

8,576*6 

September-— 






■mi 

Mean rate in cusecs 

e • 

35,705 

19,225 

31,473 

47,537 

56,985 

Maximum rate „ 

as# 

18.3,500 

217,000 

141,200 

393,000* 

152,300 

Minimum „ „ 

a se 

3,000 

2,000 


7,000 

17,500 

Total discharge 

a ae 

3,427*7 i 

1,845 6 

3,021*4! 

4,565*5 

5,4;UhS 

l-15th October — 







Mean rate in cusecs 

• ae 

19,093 

620 

3,447 

66,977 

116,637 

Maximum rate „ 

a>s 

65,500 

1,700 

20,800 

2i>e,300 

381,000 

Minimum „ „ 

a aa 

2,000 

2,000 

2,000 

19,200 

35,200 

Total discharge 

a aa 

916*5 

29*8 

165*4 

3,214*9 

5.598*> 

Total discharge from 15th 

18.407 

9,826*6 

8,517*2 

' 16,099 

bHI 

Jane to 15th October in 
millions of cubic yards. 






Mean rate from 15th June 

to 

46,764 

24,966 

21,644 

40,900 

67,506 

15th October In cusecs. 



1 





13 a 








































SUMMARY OF OI8CHARQC8 OF TRIBUTARI88 OF 

HOOQI4I.Y. 


Ifaximnm di*^i»rge 


aCean dia^iatg* 

Ist Jana to Both Kotmabw. 


Drainage from west between 

Nadia and Fulta ... HO,000 (?) oneecs 


Damodar— 


At l^niganj 

At .^mta 

• • • 

650,000 

50,000 

19 

Into Hooghly ... 

a • • 

50,000 


Into Rupnarayan 


400,000 

f* 

Dalkhiaor into Ohatal area 

« ee 

40,000 (?; 

9t 

Selai— 




At Gar beta 

aee 

72.063 

„ 

lnt« Qhatal area 

• a* 

121,327 

tl 

Other khals into Ghatalarea 

a a a 

93,000 

*» 

Rnpn aray an— 




At Bunder 

a a a 

56 000 

t9 

Into Baksi Basin 

a a a 

456,000 

19 

At Kola Ghat and into 

Hooghly 

a a a 

235,000 

99 

Kosai— 




At Midnapnr 

a a a 

187,000 


Into Selai 

a » • 

142,000 


Into Haidi ... 

aa a 

,30.000 


Kahaghai into Haidi 

a a a 

20,000 (?) 

99 

Haldi into Hooghly 

a a a 

50,000 (?) 

99 

Total into Hooghly 

• a a 

36.5,000 

>9 


4,270 (?) cnsecB. 


27,330 

6,800 . 
20,500 


12.000 

(DalkhiBor and Selal 
and other kbals.) 


39,v00 oaseod. 


12,640 

6,s:io 

5,S00 

2,730 

8,540 


58,900 



Maxim im total discharge 


Mean total diachnrge 


Drainage between Nadia and 


Fulta ... 

3,.500 million cubic. 

2,.500 

million cubic 



yards. 


yards. 

Damodar— > 





Into Rupnarayan 

21,000 

ditto 

i>,oaD 

ditto. 

Into Hooghly ... ... 

6,000 

ditto 

4,000 

ditto. 

Dall^isor into Rupnarayan ) 





Selai an<i Kosai spill into r 

1.5,500 

ditto 

11,0(X) 

ditto. 

Rupnarayan ... ... ) 





Rupnarayan into Hooghly ... 

36..500 

ditto 

23,000 

ditto. 

Kosai^ 





Into Selai 

6,000 

ditto 

4,u00 

ditto. 

Into Haidi 

4,000 

ditto 

3.400 

ditto. 

Haidi into Hooghly 

.5,900 

ditto 

.5C0 

ditto. 

« 

Total discharge into Hooghly 

« ae 

34,500 

a 

million cubic 





- yards. 




Silt carried in on svet age year 

Damodar into Hooghly 

• »1 

see 

3*3 

million enbio 





yards. 

Rupnarayan into Hooghly 

• »' 

s ee • 

8-7 

ditto. 

Halih into Hooghly 

•ee see 

5*0 

ditto. 

Total into Hooghly 

• •e 

17 0 

ditto. 
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CHAPTER VIk 

The Hooghly from Caloutta to the Sea. 

Pliyaioei Oliapaet*Hatlo« and lafluanea of titfoa and f^aaiiota. 

1. The Lower Hooghly between Chmsnra and Eantabsria comes under the iuflnenc^ 

of strong tidal foroes ; the banks are formed of hard material and the river has therefore 
a fixed regimen maintaining practically permanent channels, the variations of which in 
places are osoillatory in accordance with the seasonal predominance of the opposing tidal 
currents. The channel has been moulded by the down flowing, or ebb current and its 
axes ordMiarily follows a succession of connect^, reverse, parabolic curves with deep water 
clinging to the oonoave banks and shallowing at the orossings where the current swtngg 
from one bight to the next, leaving sand banks along the convex faces of the bends. The 
curves in the navigated Hooghly below Calcutta are sharpest at Sankrail and Mumkhali, 
where the radii of reverse curvatures are only 6,000 and 6,700 feet, respectively, and as the 
river width is restricted at the point of cross over—Mumkhali Point,—the deep water 
channels here merge into each other. The remaining c lives have radii varying between 
7,000 feet at Cossipore and 22,2(X) feet at Diamond Harbour • 

2. The tendency of the flood current flowing in the reverse direction to the ebb, is 

vo create curves of contrary flexure. This influence is clearly marked in the upward 
extensions of the blind channela^behind the <^ands along the convex banks, when the flood 
tide gains strength, but the gieater h>virauiic depth already created by the ebb in the 
bights, exercises a controlling attraction which after the first rush, draws the main avis 
of the flood tide into the line of the ebb and mamtams the deep water channels in the 
bends. At the crossings where the lines again diverge, both currents lose the guiding 
control of the banks and individually, neither is able under ordinary conditions to carry 
the deep water channel across the river, though if their mam axes are nearly coincident 
as at Kukrafaati, Fisherman's Point, Eafri, Panohpara and Matiabiuj crossings, a satisfac- 
tory depth is established in the channels by the combined action. Ordinarily however, 
where easy curves follow each other, the main axes diverge to a greater extent, but if the 
width the crossing is restricted, the lead for the uncontrolled current across to the 
opposite bight IB ahbrt and a 'fairly good crossing depth is maintained, us at Pujali and Pir 
Serang. On the other hand, if undue widening takes place at the crossing, the divergence 
of the mam axes of the floo<i and ebb current naturally becomes considerable and an oval 
shaped intermediate neutral zone is created between them , the lead for the body of the 
current across the river is longer, permitting it to fan out and the loss of concentration 
together with the adverse influence of the reverse t.de, results in a bar being forme<l as at 
Moyapur and Royapur Under natur.il conditions the thread of the cbaimel, or the line 
of deepest water, oscillates between the upper and lower limits of the crossing according 
to the season, as the flood or ebb tide predominates * 

a. Under certain ciroiimstanceB when the run of the concave bank is abruptly inter¬ 
rupted by a sharp bend, the axes of the flood and obb currents may diverge until they are 
nearly at right angles to each other, the currents are then m direct opposition, each 
striving ooutiuually to undo the work of the other. This is the case at the Eastern. Gut 
Bar of the “ James and Mary,” which reach, as a whole, exhibits clearly the diveigent 
actions of the flood and ebb currents in the Western anu Eastern Guts, respectively, with 
the neutral zone of the Makrapatti sand lying between them. The same situation occurs 
at Mumkhali Point, but, as stated before, the lead for the uncontrolled ebb current is here 
so short that the deep water channeb of the adjoining concaves merge into each other 
However even here at the height of the dry so ison, the greater force of the flood tide 
enables it at times to push the head of the Mumkhali sand mU> the channel at fdunkhali 
Point, where the enfeebled ebb current cannot deal with it and a shallow crossing with*on 
occasions as little as 211 feet depth is then formed In the freshet season the reinforced 
swing of the ebb current, which swing is not naturally completed at these points, enables 
it again to carry the deep channel across into the deep water of the opposite concaves at 
both places. 

4. Shallow water also occurs m the channel at places owing to irregular alignment 
interfering with the even sweep of the current and causing more or less heavy eddy 
action, as at the Hastings shoal in Calcutta due to the protru8iOR*of Fort Point, and the 
eboal ^hioh sometimes forms m tho lower portion of Nurpur rCach due to Nurpuf Point 
Ninan Bar forme m the double concave below Fulta Point owing to the confliotiiig action 
of the Damodar and Hooghly ebb currents, and the Eukrahati lumps occasionally form 
in the channel under the lee of Luff Point Lastly, shallow water sometimes appears 
in the middle of a bight which is well sheltered from the direct action of the flood 
current. In these placee the curl the flood tide running up behind, tends during the 
dry seasone when the flood is predominant, to thrust the belly of the sand into the channel 
in the middle of the bight and the ebb is too weak to clear away the deposit which 
develops in the early part of the freshets. Shoals of 24 feet depth, and sometimes less, 
have frequently formed in Sankrail bight and have on rare oocasions also been found at 
Fulta and Kurpur, but these are completely washed again du^g the freshet seison.* 
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5. I4 will be Been from tbe foregoing desoriptfon that the msintanaaoB of the HoogUy 
ohsnnels depends on the more or le« hsrinh&ioas interplay of^the ebb and flood enrrenta, 
as modified by the two factors of ourratnre and width. The two tidal foroea apart from 
their dally effect have an annnal see-saw action. The great variation of the fresh water- 
sapply induces a sort of bellows movement, which reaches Its cnlmtnaflon at the height 
of the freshet eeason between the middle of Angosl and middle of September whan the 
*^head*’ created by the fresh water Uisohaige raises the mean<level of the river to its 
greatest height and increases its elope to a maxlmom. The ebb is oonseqaently the 
greatly predominant current during this period, extending from abont the middle of June 
to the middle of October when the progressive relative fall of mean river levels com- 
menoes to restore the balance. Sabseqaently, owing to the practical elimiRatioa of the 
fresh water-supply and the effects of the gradaal relative fall of atmospheric pressure at 
the head of the bay from the end of January, the flood tide inorenses in importance, 
reaching a mazimnm from the middle of February to the middle of April, when the 
Sctual tidal effect is greatest. The flood current at this time is more powerful than the 
ebb, though it does not ran for the same interral of time, particularly in the upper 
reaches. With the increase of discharge due to occasional early rainfall and the weaken* 
lug of actual tidal effect, the forces are again fairly well balanced in May and June till the 
downpour of freshets completely overpowers the flood tide. 

6 . Tlfe channels respond to the varying actions of the tides. In the freshets the 
heads of the sands below the points on the convex sides are washed away and the tails 
extend, so that the whole Band generally moves bodily downstream and the reverse action 
takes place naturally when the flood tides gam strength in the dry season and the heads 
of the sands again tend to encroach on the crossings. The longitudinal axis, or thread of 
the channel, fluctuates accordingly up and downstream at the crosiing. The purely ebb 
tide channels such as the Eastern Out, Saokrail Bight and Munikhah Crossing generally 
respond immediately to the increased flow and deepen with the onset of the freshets. 
The other normal crossings are also improved, the effect on Pnjili being generally 
immediate, but at such places as Matiabruj, Panchpara, Pir Serang and Fisherman's Point 
and Fulta, the effect is at first obscured by other complications. In these places deteriora¬ 
tion, which usually takes tbe form of lumps," occurs in the earlier half of the freshets, 
bat by the end of the season, the channels are usually scoured through, so that tl^e.upper 
river generally is in its best condition in November and December. 

7. The deterioration which takes place during the earlier half of the freshets on 
the crossings, is probably largely dne to the following cause. Rubbish of all kinds, such 
as coal, bricks, clinkers, fishing stake moorings, mate, weeds, wreckage and other 

has been dropped in the river in increasing quantities with the growth of traffic ; this 
collects in the deep pools, bat when the ebb current gains the necessary strength, it is 
started moving. The current pushes and rolls the aggregations of rnbbish along the bed 
and up the slopes from the pools into the shallower water of the crossings, where it is 
thrown into the ehanna' and tends to collect sand and silt and form lumps. These are 
pushed on down the channel, till at the latter end of the season they are dropped into 
the deeper water of the next pool, or the silt collections are washed away. The general 
character of these isolated lamps, standing up in deeper water, and their bodily move¬ 
ment, suggests that they have more or less solid cores forming centres for accretion 
The travel of tbe lumps downstream le clearly shown on the ordinary river charts of 
Matlabru}, Panchpara and Fisherman's Point and Fulta, as well as the Hastings Bar ; at 
Pir Serang the aggregations form early in the freshets a I^r, tbe regular bodily movement 
of which from the upper side of the cros-jing dowstream, till it disappears at the lower 
end, IB a wall marked feature of this crossing ^Pujali, owing apparently to favourable 
local conditions, the ebb current does not permit rHe collection of deposit and tbe orossiug 
thereforf generally improves imm ^diateiy. At Moyapur and Royapur the natural 
shallowing at the crossings is undoubtedly aggravated by the collection of rubbish which 
forms Inmps in the channel which are very noticeable at times, particularly at Royapur. 
Dredgers working at these places, also at Panchpara and Pir Serang, actually hav^^eir 
work hampered by the accnmalations of weeds, mate, etc., at the heads of the suction 
pipes, necessitating the lifting and clearing of the pipes at intervals. The variety of solid 
rubbish dredged up is surprising, comprising amongst that already mentioned, shot and 
shells, skulls, timber, stones, brass utensils, etc. and the natural capacity of the river is 
evidenced by its ability to deil not only with the enormous quantity of sand and silt 
carried down, but also with this accumulation of solid matter, which, if not removed by 
the freshets would inevitably gradually All up the channels. 

8 . At Moyapur the bar under natural conditions affords less available depth below 
the datum of soundings during the freshet seaeon than in the dry season, and this is 
explainable by a consideration of local conditions. The river ex pya ds nnifonnly in 
width from Auhipur Point and there is no contraction at the lower en^f the erosring at 
Hiraganj Point Above the latter the right or guide bank for tbe ebb ciurent, trends away 
from the crossing and so loses its directive effect on the flow of the current to the oppoeite 
bank. When the thread of the ohannel is carried to the lower croesing by the n^et, 
the leed across the channel ie longer and th« guiding control of the bank being lost, 
energy ie waated by the current in endeavouring to force enbeidiapy blind ehannels 
closer to the bank and throngh the head of Hlraganj sand. Though the onrrent genmUy 
is more powerful relatively, the actual erosive effect on the bed on any partionl^llne of 
the orossing is, theref<»e, somewhat lees than the effeot of the flood-tide during tlta diry 
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fletton on the croeeing where the width oontraotif permitting better eontrol and 
more eoncfntratlcn of the main body of the oarrent 

9. The conditioni at the Jam^i and Mary Be^h are abnormal owing to defectiTe CondUbMinjASMi 
alignment and the aotiona of the two tribntarioB, Bamodar and Rnpoarayan, which enter 
at the head and foot reepeotiTely of thia reach. The main body of the Hoogbly ebb 
onTTent nnder tie infiaenoe of the swing of Fnlta bight tends naturally, when the concave 
bank ia abruptly terminated at Fnlta Point, to ahoot across river towards the Public 
Works Department Inspection Bungalow on the right bank between Damodar and Ship> 
ganj Points and even with the counteracting inflnenoes, this bank at present shows the 
beginnings of a reverse concave which would develop if the Damodar influence was 
removed. However the Damodar ebb current iaaning from the right bank strikes the 
Hoogbly ouxrent at right angles and helped by the secondary current flowing down the , 

back of Fulta sand, guides the channel from midstream back towards the left bank to 
join the natural flood^tide channel and a double similar concave is here formed. The 
combined action, with the contraction at this*place, scours a hole at Kults Point, but as the 
current below has no definite guiding control, siallow water appears during the freshet ^ 

season, when the natural action of the flood tide is unable to disperse it. When the 
Hooghly freshet is very strong, the whole channel is naturally carried to the westward 
where the ebb spends its energy cutting into the edge of Shipgan] sand and in endeavour¬ 
ing to force past^gts through the bead of the Nurpur or Makrapatti sand. Strong eddies 
are generated in the reach and lumps form in midstream which, genetally afloat Septem¬ 
ber, coalesce with an extension of the tail of the sand lying close inshore below Fulta Point, 
and this forms a bar runniug diagonally across tbe river. The depth on this ridge is 
very uneven and as the freshet channel widens, it is thrust in towards the left bank 
and when the conditions are very bad, joins the flat on this side. With the increasing ' 

strength of the flood-tide, the channel improves and is usually clear again in December. 


10. The Eastern Gut Bar is chiefly due to the antagonistic edition of the flood 2Mt«ni6atBftr 
current, but there are other piedispoBing causes In the first place the even flow of the * 

ebb current is broken by the protrusion, though slight, of Xnrpur Point and this 
farther weakens an already enfeebled,current in the dry season which results occasion- * 
ally in the formation of shallow water in Nurpur Reach Secondly, the outflow of the 
Rnpuarayun at right angles directly opposite the bar, has the efl:ect of damming back 
the HooghI} enrrent to some extent and the relative eflect is greater in the dry season 
owing to the large tidal basin of the Rupnarayan Principally however the flow of the 
fiood-tide across the ebb chanpel tends to push the head of the Hooghly sand into tne 
Ea&tern Out In spite of these opposing influences the ebb current is powerful enough 
in the freshet season to force a channel through the 18 feet bar and the Eastern Gut 
usually remains open till the end of November Subsequently the bar forms again 
and rises naturally to its worst condition at the end of the dry season from April to 
June. 

11. There is an important featuie in the development of this bar which should be 
noted It has 1 een stated that as the flood current increases m power, it carries the headJ 
of the Hooghly sand up into the channel, but even during the dry season, there la a 
downstream prolongation of the tail of the Makrapatti sand to mpet it and form the bar. 

The explanation for this extension of the Makrapatti sand appears to be as follows —The 
centrifugal force and direction of approach of the flood current raises the level of the 
river at Fort Mornington Point and at Hooghly Point the level is depressed, resulting in 
eddy action past the latter on the flood-tide which is the chief difficulty of navigation 
at the Eastern Gut. The natnial consequence of this would be, as demonstrated lu 
1876, by Professor James Thomson, with reference to all streams, a vortical movement, 
in which the surface current towards Fort Mornington Point would be changed to a 
transverse secondary current along the bottom. This would sweep over the Makrapatti 
sand and meeting the eddy curreot in Nurpur Reach naturally tend to carry ihe tail of 
the Makrapatti sand down and across to the head of the Hooghly sand. The action 
would be continued at the begmmug of the ebb-tide, when the first general movement 
of the water, owing to the damming effect of the Rupnarayan is, as observed, across the 
Eastern Gut, parallel to the line of the bar, from the Makrapatti sand to just below 
Hooghly point, 

12. The Western Gut of the James and Mary Reach is a purely flood-tide channel. Tbe Western « 
The great power and erosive action of the flood current IB evidenced in the deep channel 

scoured out from Fort Mornington to above Hopes Mark, but it ij then speedily dissipated ehunei 
afid isarely evtn in the dry season, particularly in recent years when the Eastern Gut 
has been fairly good, leads a channel of even six feet depth across into the deep water 
of the Nlnan Cimnnel, owing to the long lead for the uncontrolled carrent 

13. The last crossing in the section is at Eukrahati. The combined flow of the jCoknbatJOro*- 
Rupnrrayan and Hooghly scours out a very deep channel along the right bank below 
*GewenkhaU and at the* end of the concave bank above Luff Point, the greatest depth Hooghif 

in the whole Hooghly is found, reaching to 130 feet below datum. From Luff Point the 
ohannel crosses the river in a broad deep stream which uiually gives over 30 feet ^ 


least depth. During the freshet season the tail of the Hooghly sand stretches 
down, fordng the crowing eastward towards Hospital Point j the great velooity 
of tha ebb enrrent in Hooghly Bight iweeps out heavy material lodg^ in the deep pool, 
eartiee it down and depoeita it just out of the direct line of the current below Luff Point. 

* Thii material ia forced down and at the lower end of the reach, aooumulates in lumps 
width, ajsparently, owing to the aotion *f the flood ourrent, find their way furthei into 
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Ihe ehsnael generally abont Oofcober, before being'flnallj waabed awaynt the end of ^ 
freshet season. Samples of the bottom dredged np here show a eotne broim aand simu(ir 
to that found la the Babla and Ajai with pieces of conglomerate and briok and esrtit^- 
vare two or three inches 10 lengths. 

14. The high-water river widths in the section from Oaloatia to Eantabaiia are 

very irregnlari nsnally however contracting at the points and expanding in the bights* 
Thoagh increasing generally downstream, no regnlar ratio or relation of any sort ^ 
observable as will be seen on Plate No. 15. Undae expansions take place at Oossipnr 
and Bral and particnlarly m Sankrail Bight where the widening is possibly a relic of 
the old Saraswati river as' already iffeotioned. Conaiderable widening again oconrs 
at Falta above the entrance of the Dsmodar, and lastly, at Diamond Harbour. The 
least width is at Garden House J*oint where the river is only 1,200 feet between high 
water banks while at the Howrah Bridge it is only 1,.150 feet. The widths at the points 
increase generally to 7,.500 feet at Cg^tabaria Point The bight widths increase from 
V50 feet at Cossipur to 13,300 feet in Dfhmond Harbour. The curve Plate No. 15, 
reveals the abnormal regular fall ol high-water widths throughoat Moyapnr Beach which 
IS largely responsible for the bar. The datnm widths as will be seen, rise and fall moie 
regulaily, the Point widths increasing generally from 1,030 feet at Garden House Point 
to 6,000 feet at Kantabaria Point. The considerable reduction of datum widths in the 
bights at Cossipur and Sankrail is worthy of notice. ' 

15. The cross sectional areas vary continuously throughout, aocoftiing to ourvature 
and width and also at the same place particularly near the crossings according to 
season. The mean sectional area at datum increases from about 36,000 square teet at 
the Howrah Bridge, to 70,000 square feet at the Fulta gauges. The high-water sectional 
area at 20 feet above datum increases from 70,000 square feet at the Howrah Bridge to 
150,000 square feet at Fulta. There are strikmg variations in places particularly at Sankrail 
where the datum area increases rapidly from 36,000 square feet in the middle of the bight 
to 87,000 square *feet a mile lower down at Munikhali Point and decreases as quickly to 
37,000 square feet about a mile below at Pir Serang. The high-water (20 feet) sectional 
area increases fairly regularly from 60,000 square feet at Garden House Point to 
150,000 square feet at Munikhali Point, but decreases again rapidly to 76,000 square feet at 
Pir Serang. 

16. The fluotuatioii of sectional area is shown on plate No. 14, where the areas at 
intervals of 1,000 feet along the nver between Cossipur and Fnlta ha^e been plotted as 
curves for the conditions, at datum, 10 feot rise of tide and 20 feet level above datnm. 

17. In the estuary the river assumes a fairly regular funnel shape, widening out 
from 1} miles at Eantabana at the head, to 13 miles at Sangor. The oonditions here 
alter , the ebb current loses Ihe rigid control of the banks and the Hood-tide gains power, 
the channels consequently lo^e their fixed character and change incessantly through a 
maze of sandbanks in accordance with inHueuces which are exceedingly difficult to 
trace. As a whole, however, the longitudinal section in the navigated channel becomes 
more even and the least ^lepths on the bars and crossings vary more gradually than in the 
river proper, the ordinary seasonal alterations being mconsptcnous In the upper 
section of the estuary between Kantabana and Mud Point the banks still exercise a 
certain degree of control knd the navigable channel has generally clang to one bank, or 
the other, thoagh the oonditions so far as the tidal currents are concerned, are different 
on either side. Below Mad Point the navigable channel has in the coarse of time 
traversed every portion of the river as will be seen on map No 7, thoagh for over a 
oeiitary the outlet has been tbroagb Saugor Uoads into the Eastern Channel. 

18. The navigable channel at present after issuing from the narrow neck at 
Kantabaria, passes through the deep water of Kalpi Anchorage and then trends over the 
Upper Balari Bar, crossing luto the right bank. It is held close to this bank to the entrance 
of the Hal^i river and then passes diagonally across the estaary into the head of Sangor 
roada. A second or Lower Balari Bar, which is usually no great impediment, forms in 
the middle of channel when on the right bank. the combined How of the Hooghly and 
Haldi Bconrs out the Jellingham Anchorage opposite Mud Point, but at the lower end of 
this, a bar is now forming at the crossing near the ‘^Anglia** wreck. Further down the 
bed flattens out, rising gradaally to the Gabtola Bar between the two Bedford Sands, 
before the channel issues into the deep water at the head of Saugor roads. Immediately 
below Saugor, the Middleton channel forms a ndge of shallow water which is the last 
bar in the river, the approach channel below gradually deepening outward into the Bay. 
The sands below Sangor in the approach channels to the Hooghly have a practically 
permanent character, the movement of the tails seawards being on the whold very 
gradual, though as pointed oat on page 22, there has been a fairly considerable grow& 
in the course of 150 years in one part of the Western channel. The Approach channels 
into the river, known as the Eastern and Western channels on eithSr side of the Eastern 

Reef, are oonseqnently fixed and provide A^good depth into the lower end of the. 
estaary ; their ase for navigation however depends on their oontinuatious through tiie , 
estuary and these have jlor a considerable period favoured the Eastern route, probaftiy 
owing to its proximity to the head of the Swatch of No Ground with its influence on the 
tidal conditions. In this section of the river from Kantabaria to the Sandhenda, owing to 
the diminishing proportion of fresh water to purely tidal supply, the ebb current loses Its 
dominating influenoe and flood-tide channels such U the Balari, become fairly psrxuuksnt 
navigable routes. Ou the opposite side of the river the natural oontinustion « th» 
channel through the Bangafala, is broken into hf fhe'itrong flood-tide flsv ihrot^ 
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tod BmfiL thMA it to tytitft latiml tC ttoto ^ tod 
tottr After tlw onrrent bat oeaaed flo«ifi«, ^uA tt Ham W tbe amA toK 
te tii beior tad dtong ipria^ it it eurttiled to fiteea miaaite. / ~ 

ST. Tbtobb onrront at Boo^iy point rant domi on the AVtn^ te «n ftlWB^tobla 
letr^wttor in the(rethete6tBon,the interrel varying betaieoDhtUlea hoar aSdtotna&aito 
hovrt. In the dyy tettoa from March to May, the downflow after Inr -rratirr aTnftgf|i,t^qi| 
dflainmtetTaryingfromabootBdminntet in the flrttof ipring tidea, to t boor in the hto it 
fringe. Slack water at thit time generally anperrenea for about i now, aomeftmet heito 
at ab^ at 5 minntea and lengthening oat to k hoar doring neapa. In the fraehett thm 
ia an average alack water for 25 to 30 mmntea after low-tide. 

88 . At Caloatta daring the dry aeaaon from Dumber to May, the total doralfon o| 
the flood oarreni inolading ^e aliiok after high-water, averagea aboat 51 honrt^ bat in 
aei^ tidea it ia aometimea increaaed to aa maoh aa 6i hoara, while in apringa it it only ii 
heart. Daring the freaheta, the duration of the flood earrent with alack deeroaaaa, ftU 
when the river level riaea anfficiently, there ia no flood oarrent at all doring the day in thn 
neap tidea, while in apringa it rana for 2 to 3 hoora inolading the alaok water* The 
duration of the ebb inclading alack after low-water, averagea about 7r hoora daring tha 
dry aeaaon, being 61 hoora to 7 hours in neap tidea and 7t to 7i hoora in apnnga. Daring 
the freahefa for daya oontinuooaly m the neapa, the current will flow downatream, or 
rmnain eUck dnitag the flood period. 

£9. The velocity of the oarrent natarally variee conaiderably with the atase of ike 
tidea and aeaaon. Both flood and ebb oarreota attain maximum surface velocities of 5| 
to 6 knots an hour in the channel during high spring tides and in Hooghly Bi^iji, 
rushes of even 71 knots on the flood and 9 toots on the ebb, were observed Off Point 
at the height of the freshet aeaaon in 1904 when testa were oamed out in oonneotion with 
the I^ppy’a Pafloor scheme. " 

30 During high spring tides in the dry season and also in the freshets, as the foot 
of the wave is retarded between Hooghly Point and Moyapur, the advancing face of (be 
wave becomes steeper until a bore is occasionally created. This usually makes its first 
appearance on the Brul sand, but increases in height over the Hiraganj amid below the 
Moyapur Bar. It ruahes over the sands between Moyapur and Chinsura with a height of 
four to five feet, disappearing as it passes into the deeper water of the crosaings. 

31. Statements attached give detailed particulars of the tidal effect on the river 
level at varioua places. It will be seen that the lowest low-water levels recorded since 
1875 aa referred to datum (Kidderpur Old Dock Sill) were,-2' 4* at Khijiri,-!'1* at 
Balari, - 3* at Hooghly Point, + 11' at Moyapur and + 1' 10* at Kidderpur. The highest 
high-water levels (excluding oyolones) were 20' 6* at Khijiri, 21' 7* at Balari, 21' 11' at 
Hooghly Point, 22' 2' at Moyapur and 24' 0* at Kidderpur. The maximum ranges 
recorded were 20' 3* at Kbijiri, 20'3' at Balari, 20'3' at Hooghly Point, 17' 10' at 
Moyapnr and 16' 1* at ^idderpur These maximum ranges, except lat Kidderpur, were 
all recorded at the height of the freshet season when the effect of the equinoctial tides 
ia enhanced by the backing up of the fresh water discharge. The actual tidal effect on the 
channels is greatest in February, March and April, when as will be seen the ranges are 
relatively great in the absence of any fresh water head. 

32. The tides m the river are considerably affected by a diumai inequality, the night 
tides being a foot, to a foot and-a-half higher than the day tides in the dry season and 
Vice vtnd in the freshets, when the day tides are the higher, though not to the same 
extent. This feature accounts for the vibratory forms of mean nver-level curves repro¬ 
duced on plate No. 10. These curves show cleatly the effects of the fresh water-supply 
and also of tidal influences on the river at Nadia, Palta, Calcutta and Phuldobi. It will 
be noticed that the carve<9 fall irregulaVly from the height of the freshet season till, at the 
beginning of January, the river has the same mean level from Calcutta down, durittg 
neap tides and this has fallen to the same plane as mean sea-level. Thereafter till the 
end of April, the level is affected slomly by tidal influences, the freah water discharge 
being inappreciable. In 1917, for which dry season the ourvea are shown, a oyolotie 
ooourred at the beginning of May, bringing down the first augmentation of fresh water 
anjiply, but uaually the practically pure tidal influence ia continued till later in tlm season 
oi\ early in June. The mean level of the river, however, is gradually raised fhrongh 

’ another cause. Plate. No. 7 showa the variation in mean atmospheric prearare over 
the 2|ay. It will be seen that the aeaaonal range of the harometer greater at the 
head of the Bay t^an oyer the southern portion. The pressure iS greatest* in the 
' odd Weather and falls gradually till September, and the relative diffetenoe over the 
nortiiem and aouthern limits of the Bay decreases 0*4 of an iniffi betwemi Deoamher 
and May. This would oorreapond to a difference in sea-level of ahont 6 Indlto and 
would result in a natural heaping up of the water in the upper portion ih* Bay* 
wbioh wonid be augmented very conaiderably by the change in the direetUm el tood f 
from north-eaat to aouth-waat. As a eonaequenoe of this, the river-leto begiM 0sriee ^ 
from ite loitot toige in February, the effect on the aetfuevel at ' 
inoreaeed pnoipornonally up the eetuary. The two faeton enercM&g 
InfltMnee on tidal adtion, that is the oha^ of tiie mtoMon, tod a to'to* * 

•dason egnaiiaint the levehthroutoout tto river, eeiitode vritk the 
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piirtMT l^raoMaally tha whola fraah water dlaohasga ia pondad ap in apriBg tidaa, the 
alMteMI aatlBg aa a raaervalr. 

Plata Va. 7 haa baaa praparad to ahow the varying affaot of the freeb water 
M|i^7 M tba fiohgbly at Oalaatta idaoe 1882 and jnay ba taken aa a fraahat onrva 
dl^aiiwtha adgnitnia and duration of the freaheta alnca that year. It haa bean 
OMainanT by meaning the high and iow*water lav^la at Kiddarpnr separately for eaoh 
eewpWta Unation from New Moon to New Moon, grouping all the iunations having their 
tnld^ period ia eaoh month together and plotting the reaulta ad ourvaa. From theae 
oalaadatloaa, it appeara that the general mean river level at Kiddarpnr for the period, waa 
Hy V above datnm, the general mean high'Water level waa 15' It* and the general mean 
iow^ater level, 6 ' 0* ^ving a general mean range of 9' Ij*. In a normal year the 
monthly mean river level ia loweat about the middle of February when it atanda at 8 ' 4*. 
The level then riaea gradually, owing toJhe caueea already given, to 8 ' 71* in March and 
more rapidly with the increasing atrength of the South-West Monsoon and occasional 
rainfall to 9' 21* in April. It rues aucoeaaively to 9' 81* in May and to 10' 6 * in Jane. 
From about the middle of June to early m July, the freshet discharge comes down the 
feeder rivers and the mean river level in the latter month is raised suddenly* to 12 ' 2 |* 
In August the height is augmented to 13' lOi* and it roaches its oulminating point of 
14' I 4 * in the middle of September. The mean level then commences to decline and 
mils to 12' 31” in October, to 10' Si* in November, 9' li” in December and 8 ' 6 * in 
Janaary. The mean level is therefore above the average for about 4i months in the year 
from ]nst after the middle of June to the first week in November. 

35. It will lio noticed in plate No. 10 that the average mean river level at Phuldobi 
rises from 7' 3* in February, to 10' in September. The mean level at &idderpar rises 
from 8 ' 8 * in FebruarV, to 10' 4^' in the middle of June, before the freshets appear in the 
liver : the acoumulation of water at the head of the Bay owing to the South-West Monsoon 
and contributory local rainfall, would, if therewss no supply from the Ganges, contmue to 
raise the level, probably to 11' 2*, the remainder to the height of 13' 10,* would therefore 
be the effect solely of the supply through the feeders that is the freshet would be respon¬ 
sible for raising the levrl at Kidderpur 2‘ 9' and other oauses raise it 2' 6 *. 

36. In a normal year the mean low-water level is lowest in February and March at 
3' 10* and 3' lOi* above datum. It rises 51* in April, 9' in May and lOf'm June, when it 
stands at 5' 111*. Ib'rom the middle of that month to the middle of July, it jumps to 7' 6,* 
and to 9' 1* in August and reaches its maximum height of 9' 5>* in September. The low 
water mean level then drops to 7 9/ in October, 5' 11' in November, 4' 10* in December 
and (0 4' 2 s* in January. 

37. The mean high-waier level is lowest in January at 12' 9J' above datnm. It rises 
grndually io 12' 101* m February, 1,V 4 * m March, 14 feet in April, 14' 41* in May, 15' 0|* 
in June and then jumps to 16 ^11* in July and again to 16' 7.* in August; m Septemberit 
reaches its maximum height of IH' 9* and then falls to 16 ^* in October, 14' 7|* in 

^November and to 13' 5,* in December. 

* 38. The mean range of the tide is therefore normally least in December and January 

at about 8' 7* and greatest lu M-arch and April, and Angnst and September at about 
9'6*. 

39. The effect of a normal freshet at Caiontta appears to be that it backs up the 
water 1 <)vel at high-water to about the same extent as it raises the low-water level, so that 
the range of tide is practically the same as it would be under ordinary oondiiions at that 
time of the year. Above Calontta, however the rise of the low-water level is steeper and 
in great proportion than the backing up of the high-water, so that the tnfal range 
deoreaaes and m neap tides at the height of the freshets, the wave is damped down tin it 
dies out jUSt above Dumardaha * in spuig tides at this time, the tidal influence la 
naturally stronger and travels fnrthei^p the river, especially in weak freshets and 
bonvewdy the damping down effect on the tide wave by a high freshet, naturally extends 
turUier down the river, as is shown by the mean range of 8 feet only at Oaicutta in 
September of that abnormally high year, 1894. The tidal head of the river therefore 
Q4riUnt4s each year ordinarily between Kalna, the position in the dry season, and just 
nbove Dumardahj^ the position in neap tides at the height of the fVeshet season. 

. 40« Plate No. 11 shows rep^sentative lines joining points ofAigh and ioViribater 

In the river dtiring high springs, low neaps and mean tides in the dry season. It will be 
ftCttCed that the neap tide low^ater lines intersect ihe spring tide low-water lines 
l^tweeb Konnagar and Paita. 

^ The general indications given by the above consideration of the tidal oondiiions 

SttMwnghly, appear to b^t first, that the wave is considerably ebatruoted at theentrauee 
««*wb 7 »^<’itbaeqaaatt 7 the movements are irregular owing to the nadae expah^ 
win»nd Harbour mtd other piaees. The foot of the wave is uuhaturaUy retarded 
"'jPotfit,vrii«ra it is affected by th4 sharp rise of ihe low-water line. This 
if due to this great bend and ahallew water it the James and Mary and 
MoftMcea of the Sbpimrayaa and Damedar. Tha head of the wave is 
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ibW 'O^diUoai ia tUf Motioa be£or« th» bridge ir*f bdilt^ to iMbBib 
^ won the poFcUl veapoaiibiUty of the bridge for the defeetlte tid^ oo&ditimi^^la 
riete there wohld probabljr Dee riee ia the low*weter line owing to the wal 
river reaching down to Dnmerdahe, but there leems reason to beUd^ <het f|rii 
enhenoed by the obstruction at the bridge. The question can, however, hMdttled bgr 
Of obeerfatione near the sue, which it would not be difiiouU to arran^» i 

4g. Reference has already been mode to the gorging up of the river in IpChlf^ttdlll" 
and this le borne out by the unnatoral nse of the spring low*water line hboVe (he neSh^ 
low'water line from Peita upwards, showing that the nver above that pomt liindhM'^ 
of Uisohftrgmg the spring inhow quickly enough. ^ ^ 

• 43. Very little is known of the tidal conditions of the tributaries of the TTfla ghi y. 

The tidal Jixuit of the Damudar le apparently a few miles above Amta and of the 1^9* 
narsyan about twelve miles above Bander, up the Belai and Dalkhisor rivers, ^e 
Bupnarayan undoubtedly influenoee tidal conditions in the Hooghly constderabi^t aS its 
month Uee directly open to the tidal flow with a deep water entrance, so that a great-' 
portion of the flood tide pusses inio it. Above the entrance, the river expands into W vide 
shallow bdsio, which though acting as an admirable tidal reservoir for the Hooghfy ss* 
tuhry serves by the want of depth, to check the Rupnarayau wave and its further pro¬ 
gress Up that nver is impeded by shallow water and sharp bends. The tidal wedge, or 
reservoir of the river when the current ceased to flow in at the entrance, on the S4th 
February 1917, corresponding to a day of high spring tides in the dry season, comprised 
about 3^ million cubic yards. On the Same day the tidal capacity ot the Damodar was 
about 35 million cubic yards. The Haldi tidal limit is about 8 miles above the jniiotion' 
of the Kosai anfl Kaliaghui ifrers. 

44. The fresh water discharge of the Hooghly at Calcutta oonslats almoat wholly of 
the supply through the feeder rivers, together with quantity from the main minor affluent 
of the Upper Hooghly, the Kharia Nadi. The freshet discharge has already been oalonlat- 
ed to reach an ordinary maximum rate of 230,000 cuseos, and an absolute maximum rate 
of about 300,000 ousecs. The total quantity in an ordinary year is apparently about 
58,900 million oubic yards and during a year of high floods as much as 08,000 million 
oobio yards may be discharged. To these quantities 2) million cubic yards, the approxl* * 
mate total local drainage above Calcutta should be added. 

45. Discharge observations taken with batches of floats submerged to six-tenths of 
the depths to give the mean veiooiues in the vertical seotions,* were taken at Calcutta 
during the freshets and dry season of 1916 and 1917. 

46. On the 19th July 1916, the total discharge of the ebb tide at Kldderpur waa 

calculated to be 206,272,000 cubic yards. The total inflow on the flood tide was 99,483,0^ 
cubic yards giving a tot^ outfall for the half day of 106,789,000 cubic yards. The maxi¬ 
mum rate of discharge at any time on the ebb tide was 246,617 cuseos and the mean ebb 
discharge was 209,059 cuseos. The mean rate of outfall \yas 65,115 cuseos. On the 6th 
^ptember 1916, at dead*of neap tides, at the height of the freshet season when the current 
was running downstream all day, the total ebb discharge at the lower end of Oarden Reach'*' 
323,622,773 cubic yards. The maximum rate of discharge was 265,665 ouaeos and the * 
xflean rate was 197,867 cuseos : there was no flood inflow. In 1917 under the same condi¬ 
tions, on the 10th September, the total discharge was 251,933,000 cubic yards with maxi¬ 
mum and mean ratee of 193,571 and 138,934 oasees, respectively. At the end of the freshet 
season on the 29th December 1917, near the height of spring tides, the ebb discharge waa 
132,234,560 cubic yards and the flood inflow was i;0,3^2,960 cubic yards, giving an outfall 
of 41,911,600 cubic yards with a mean gate of 25,765 ouseoa The maximum rate on the 
ebb waa 1L70,320 ousecs, and on the flood 19A140 cuseos. In the middle of the dry season 
on the 24th February 1917 at the height of bore spriug tides, the total ebb discharge wsa 
174,155,000 cubic yards : the flood inflow was 1^,275,000 cubic yards, giving a total out¬ 
fall for the 121 hours of 13,880,000 cubic yards, at an average rate of d^hai^e of Sy39Jl 
cusece. The maximum rate of discharge on the ebb was 226,850 cuseos sad the iflean rilw 
170,470 cuseos. The msximum rate of flood inflow was 390,637 ousecs aud tlm mean rMa 
253,066 ouseoB. * ' 

47. At dead of neap tidea at the end of the dry season on the Ist Juno 1 h 7« tko 
total ebb discharge was 86,995,000 cubic yards and the flood inflow, 86,66(1000 ont^ yacxi% ^ \ 
leaving *an outfall ^335,000 oubio yards, with an average rate of only 20()ouMes. • 

From the above flg^ree It would appear that the fresh water dii^M at Oaiennni 
IttoroMes from practically nothing (200 ouseos) at the bOgianing of June, to 65(000 
early in the freshets and then to nearly 200,000 ousecs at.thahright of a medeimts 
It diminishes to 25,500 cuseos at the end of Jleoember and *\q 8,000 ensoes laa y i pfiaig . 
These figures obtained from a single flood and ebb, however, rMulre a ottrMili 
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ifeim ft W ^ W }1* on tliie 29th VoetsmlMt lBt7 an44he meMurei) dkeharge of 23»765 
•’''WHIW ^WKtevEMo greater than the natural diaoharge and limtlarly on tbe^ith fehraao 
. W^m tha mean leyel fell from 10' 3* to 9' 10*. In both the latter instanoea the entranoM 

<fUi leaden were praotioally dry, bnt the general lerei at Nadia, apart from gorging np 
> etteata, irae 12' 4* at the end of Beoember againat 1 O' 4' at the end of the Febraary, ahow- 
ing thM there wai^til an appreciable nataral discharge due to percolation from the 
leeddensoiL, at thahead of Otie Hooghly in December. 

50. The maximum rates of disoharge at Garden Beach on the ebb tide varied between 
125,000 oaseos at dead of neap tides at the height of the (^y season in Jane, and 265,665 in 
neap tides in September, and it would be greater in spring tides in the freshets. 

51. The maximum rates of flood inflow varied between ml in Septem^r and 390,^7 
bnseos in bore tides in February. The greater rates on the flood are due to the slopes being 
steeper and the shorter interval the flood current runs. 

52. A slope formula cannot be used generally to determine rates of discharge, pard> 
onlarlyon the flood«tide, owing to the rapidly varying slopes, but at the time of maximum 
discharge on the ebb when the slope is fairly settled, approximate resnita can be obtained. 
Didag the Kissusippi formula to check the float obiUrvations on the 6th September and 
24th February, maximum discharges of 262,560 and 224,343 cuseos were calculated and 
these figures agree fairly well with 265,665 and 226,053 ouseos, respectively, obtained by 
the floats. 

53. Working on this basis, under absolutely maximum conditions daring the freshets, 
with a fall of four inches to the mile, a sectional area of 6 . 1,000 square feet and hydraulic- 
depth of 38 feet, the ebb disohai^e at Garden Reach would attain a maximum of 366,000 
ouseos: this rate would of course be exceptional and only obtained at«a time when the 
mean discharge reached the limit of 300,000 ouseos already fixed as the probable limit of 
discharging rate from the feeders. 

54. An estimate such as that of Vernon Haroonrt, of 650,000 oaseos through a 

chSUnel of 38 feet hydraulic depth and 65,000 square feet sectional area, would require 
a fall of about 48 inches to a mile, giving a mean velocity of 10 feet a second. This fall 
in surface slope is obviously impossible on the Hooghly, or in fact any alluvial tidal ^ver 
on an ebb tide. As low down the river as Calcutta, the maximum slope on the ebb would 
probably never exceed 5 inches to the mile and 4 inches at the time of maximum diB> 
charge. The mean ebb velocity depending on the depth, would rarely exceed 6 feet a 
second in the Hooghly at Calcutta with its comparatively small mean depths and any 
Increase of mean velocity would require a much greater proportional increase in surface 
slope. With a mean depth of 38 feet, a slope of 4 inches to the mile would give a 
‘mean velocity of a^nt 5i feet a second, and with the same depth, it would require 12 
times the slope, or 48 inches to th*e mile, to just about doable the velocity to 10 feet 
a second. * * 

55. From a map by Mark Wood in 1780, the sectional area at Badge*Budge appears 
to have been very much the same as at present and it is diffieult to see how even when 
the Koaserai branch of the Damodar was open, the mean discharge for any time could 
have been greater than 400,000 ousecs at Calcutta, and this brings us to the conclusion 
that the Damodar has never, or at any rate for a considerable period, carried its whole 
Aimharge into the Hooghly above Calcutta. In 1823 daring the exceptional floods in the 
Ganges and Damodar, when the low-water at Calcutta was 20' 6*, the mean discharge 
mu^t have reached about 350,000 ousecs. This brings us to the question of the present 
possible diversion of the Damodar into the Hooghly at Kalna It would be obvioaNy 
impossible for the Hooghly to accommodate an extra flood discnarge of 400,000 ousecs, parti- 
cukly at a time when ite own feeders were bringing in 150,000 ter 2CK),00(> ousecs. It 
must, however, be borne in mind that at first at any rate, before the Damodar opefled a 
proper channel from Burdwsn, the disoharge would spill over the whole country and the 
,tate wosld be very considerably reduced; in fact, in 1913 when the Damodar poared 
*150,000 ouseos through Bordwap, this entered the Hooghly so gradually, that &e river 
iwels at Calcutta were hardly disturbed. If the left bank of the Damodar could not be 
Add by restoriirg the breached embankment after the flood had passed end the channel 
Aavelcped, the Hooghly would react by deepening to a certain extent, but if the develop- 
JDsat ^ras rapid, there would probably be severe flooding, particfularly over tiie oou'ntry 
tb tile westward and bdou JSAlna; Calcutta would also be affected, though the *diseharge 
W<mU 4 ^ reduced by reservoir action in the nver above, and epill. At the same time it 
dosiiltttOt aeem probable that the total disoharge at Banigan;, would ever be poured throhjdi 
tt^ route, as a small proportion would probably oontinue to i^iU southward into the pre- 
eiNd'l^odar and the Bnpnarayan. 

In any case a ooosideratloa of the matter shows the importance of controlling 
kBsats which tend nnduly to oonstnot the. Hooghly ohapnel, apart from the 
ijfteot t^se would probably have on tidal action. 

the obserntioBS it be noticed that the total quantity of water pasajpg 
at Gaitieo Boaoh, down and up on a high spring tide in Febrttary, 
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M >tBiM ^vaatiAy ot water paning up and down, was 222i miUlon ovbie TIM 
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> 58. The treeh water dieoharge ot aboat 1,500 ooseos at the h^ht ot thS dry iiOeWy 

bears the ioUowing proportions to ^0 tidal water in the ebb diseha:^ at Garden ]EMim 
doring that period1 to 60, average in low neaps, and 1 to 150 in high sprii^ iJt the 
height ot the tresheta in neaps it is 1 to 0, and the proportion of miiUfftam to ordlharg 
fresh wstor discharge is about 1 to 150. 

59. The tidal proportion moreases rapidly down the river. Oalonlatlng from the 
Seotlonal area ot 1,148,000 eqnare feet at mean tide and a flood current dacatioa at 
54oarB,itU estimated that a total quantity of 3,000 million ooMo yards passed np 
through a section at BUofcs Point at the entrance of the estuary above Saugor, on the 
flood tide of the 84th Febtnsry 1917 : the maximum rate of flood inflow would have been 
about 6,000,000 cubic feet per second. At Kantabana at the head of the estuary witii a 
flood dxmtion of 41 hours and a sectional area of 886,000 square feet at meeu tide, the 
total quantity passing through the narrow neck would have been reduced to about 1^20 
million onbio yards and the maximum rate to about 1,800,000 oaseos. At Hooghly Point, 
the flood inflow of abodt 80C million cubic yards ^lit up and apparently about 340 million 
cubic yards passed up into the Rupnarayan. At Fulta Point the total inflow deoreae^ to 
about 405 million cubic yards, of which 35 millions flowed into the Damodar and the 
balance formed the tidal wedge reaching up to Balagarh where it would have been low* 
water simultaneously with high-water tl Fulta. 

60. At Calcutta the total influx was 160 million cubic yards* which filled the tidal 
reservoir formed aby the continuation ot the river channel above Garden Reach on that 
day. The total fresh water discharge for the 18i hours of both tides above the Damodar 
outfall, was only about 14 million cubic yards and there could have been a very small 
augmentation of this from the Damodar and Rupnarayan below Fulta and Hodghly 
Points, so that it will be seen that insignificant as the tresh water discharge is at Caloutta 
at this season, it becomes almost negligible as compared with the tidal inflow of 1,020 
million cubio yards at the head of the estuary. 

61. Taking the ordinary maximum, combined fresh water discharge of the Hooghly, 
Datnodar and Rupnarayan at the height of freshete\it 460,000 cusecs, this would be just 
abont half the mean rate of outflow, at Kantabana on rhe ebb tide, and adding the Haldi 
supply, it would be about 1/6^^^ of the mean rate of ebb discharge at Blacks Point on the 
high spring tide of the 24th February. The mean rate of outflow on the ebb at Fulta 
Point on the 24th February would have been about 385,000 cusecs, of which the Damodar 
would have contributed about .^3,000 cusecs of purely tidal water. This rate is about * 
half as much again as the combined, ordinary fresh water discharge of the Hooghly and 
^Damodar at the height of tiie freshet season. 

62. The extent of actual tulal influence in the river, so far as the penetration of sea¬ 
water is oonoerned, can be shown by what may be termed the chlorine test, that is, the 
increase in the saline constituents, chiefly sodium chloride or common salt, in the solid 
matter held in solution. From experiments made by Dr. Macnamara, Chemical 
Rxaminet to the Government, referred to by David Waidie in a paper for the Asiatic 
Society in 1866, the general oonolueions were that the infinenoe of the tide is little felt 
at Ohinsura at any period of the year, not mnch more at Palta except towards the close 
of the hot season in May and June, when it is decidedly perceptible, though not great, 
andnot only decided, but to a large amount at OoBsipur, Calcutta, during the months of 
March, April, May and June.*’ 

63. Dfivid Waldie found that the total solid matter in bolution at Bamagur just 

abovb Oosetpur increased from 12 grains in l(X),000r ai ns on the ebb tide of the 3Ut 
August 1865, to 24 grains on the 6th December. On the ebb tide of the 28th February 
1866, it was 30 grains and on a spring tide on 2ud May, the quantity was 36 grains on 
Che ebb and 881 grains on the flood tide, while on a neap tide on the 24th May, it was 
only 211 grains. On the 14th June on a spring tide, the quantity held in solution 
increased from 30^ grams on the ebb, to a maximum of 152 grains on the flood. On the 
6th July, the quantity had diminished to the freshet proportion of .-list August 1865, or 
shout 12 1 grains and on the 8th August 1866 it was only 8 grains. ^ 

64. On the 2Dd May, of the 36 grams found on the ebb, 15) grains were sodium 
chloride and of the 88) graiiii on the flood, 55 j grAins were sodium ohloride. lathe 
fllFgrainsfound on the ebb on the 24th May, about 12 grains were eo^nm oblot^i 
and at high-water (here were 19 grams. The saiioe proportions on the 14(h Juno 'Mw 
about 14) grains in the on the ebb, and about 185 in Che total quanti^ Of 1^2 

at the end of the flood tide. ^ 

66. The results show the admixture of sea-water at Calcutta during thSfdry 
pastiottlariy during spring tides, for while the preportion of s^lum ohinrlda, us 
Shit, rose from 18 grains at low-water to 19 grains at high-water on M 
244ih Vsy, it ianeussd from 14) grains at low-water to W grains a^ 
spring tide of ths 14th Jhne, and while the total quiMir ^ floiid 
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[pnaly few teata and the reanlts can only be regarded as more or leaa rough 
ib9 drat obaertadona for thia purpose were taken by Piddington, who in 184S piikHaetn^ 
St e w a sample of surface water at Oaloutta, at noon on the first day of each month and 
in ifiM took another aeries, induding a set of samples drawn from 18 feet below the 
anziaoe. The first set of obaerrationa were ratber doubtful and gave the greatest 
proportion of silt at the end of the dry season from March to June, and in the iaiter 
mOffth the proportion of 855 grains to a cnbio foot, was fonr times greater than in 
August, and nearly nine times greater ihan in October, in which month and November 
the qnantitieSmeasared, were lead. In the second series the proportion was greatest in 
August, both at and below tbe'Snrface, with 492 and 564 grams to the cubic foot, respec¬ 
tively. The quantity of silt carried, was found in the second series to be greater in ^ tm¥t 

samples taken from 18 feet depth, than m the surface samples Makiug the same 
allowance for the first senes, the mean proportion of silt at and below the surface, for ' 
both sets during the freshet season, from Ist June to 30th November, was 31.1 grains to 
a cubic foot, while the mean proportion for the whole year was 280. grains to the cubic 
I foot. 

\ 67. From records of weekly observations taken at the Calcutta Water-works at 

Palta in 1894 by James Eimber, Engineer to the Corporation and quoted by Apjohn in 
his lecture on Silt, the proportion of damp silt in 100,000 cubic feet> of water increased 
from a minimum of 10 cubic feet in January to 33 cubic feet m May. In June the 
proportion was 56 cubic feet and the maximum quantity of 146 cubic flet was recorded 
in July, which decreased to 118 oubio feet in August and then successively to 73, 63, 

64 and 29 cubic feet in the remaining months of the year The mean proportion during 
the freshets from let June to 30ih November, was 87 m 100,000, in surface water. 

68. Mr. Livesay's experimenta carried out at different depths in the Bhagirathi on 
three days in August and November 1893, gave a mean result of 147 cubic feet of damp ^PwnMnti* 

Blit in 100,000 according to Apjohn, corresponding apparently to 518 grains in a oubic 
foot. From daily tests of surface water at Eidderpur m 1912, John Soott obtained a 
mean proportion of 125 to 100,000 for the whole year and 115 to 100,000 in the freshets. 

The greatest qu^tity was obtained in April and the least lu November, agreeing 
generally in this respect with Fiddington’s first observations. The general proportion 

was regarded however as being probably too great and another series referred to by him 

which were taken more oarefully and frequently, gave a mean proportion of 91*5 oubic 

feet for the whole year and 136 oubic feet m 100,000 in the freshets. In this set, the 

proportion was least in the dry season from January to May, q^rymg between 35 and 45« 

cubic feet and greatest in July and August with 215 oubio feet in 100,000 mmm 

69. A considerable number of observations have been taken at Hooghly Point since obterTutioDg at 
1915. Samples of 1,000 cnbio centimetres of water have-been dfawn at regular intervals Hooghly Pout 
at four states of the tide, low-water, half, flood, high-water and half-ebb on each occa¬ 
sion andnfrom depths of 5,11 and 16 feet. In 207 teats during the freshet months trom 

ist June to 30th November, the average quantity of dry silt contained, measured 470 
grains in a oubio foot and 110 tests in the dry season gave 332 grams. 

70. Mr. Apjohn found from a number of experiments, that a oubic foot of damp Bsdaetion ot 
silt in a firm state weighed 95 lbs., of which 50 lbs. was silt and the remaining 45 lbs. g^ftooonuda 
water ; reducing on this ratio, all the estimates to a common basis of grains to a outdo 

foot, and making the same allowance for mean depth aa in Piddington’a o^rvations, 
we obtain the following results — • 
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HnUaii la 1S89 aad fonad that the proportiOB wae iboat tea tlneB greaaer dactail , 
tidda ta Hay aad Jaae^ aad aboat three times neater daria^ Jaly atuf 
ae S j ^. Thb eomplioetes the problem af the actual qaaatitieS darried doWa hy? Iht , 
Sooghlyt as the tests will probably show an excess due to this cause, aad thhttll li 
taaaeare aoooaats for the high mean proportion deiermined^r Hdoghly Boiat, adMe a 
neater aaml)er of the teets were made in spring tides. Tff HoOghly Point alM 

of coane include silt brought down by the Damodar ana fiapnarayan rivers. Tidal 
action iatrodaces a further oomplloation, owing to the proportion of tidal to fresh sraisc 
increasing as the discharge passes down the river, so that the general proportion sift 
caroled In saspension, is naturally considerably reduced as the sill laden disohargc 
mixes with »e purer water brought in from the Bay by the flood tide. Taking eyery- 
thing into consideration, it would appear that the mean proportion throuj^ the whole 
depth, of dry silt carried in the water of the Hooghly at Calcutta, during (he freshet 
season from Ist June to 30th November, will not be less than 480 grains in a cubic foot. 
This estimate ia necessarily a rongh one, bat will serve to give some idea of the quanti- 
ties of solid matter earned down annually by the Hooghly. This proportion by wei^t 
ims to be reduced to measure of volume. Piddington in connection with his experiments, 
collected some silt from the water filtering tank then at Chandpal Ohat, had it moistened 
and beaten hard and then dried into the consistency of a sun-bumt brick. He found B 
cubic inch weighed 424 grains and on this basis converted his mean proportion of solid / 
matter,, ifieludtfig t/Mt held in BoluUon, of 433*6 grains into practically one onbic inch 
to a oobic foot of water. The sample probably contained a good proportion of sand and 
there was certainly some moisture. The silt obtained from the samples taken at Hooghly 
Point down to iS'Yeet depth, ooasisted of very finely divided particles of practically pure 
mud, with hardly any admikture of sand. In a loose state when quite dry, a cubic inch 
weighed 228 grams, or 56; lbs. to the cubic foot, \7hen shaken down into a firm compact 
state, free of grannies, a cubic inch of this silt weighed 28C grams, measuring 70i lbs. 
to the cubic foot On this basis the mean proportion of dry silt in the Hooghly at 
Calcutta during the freshete, would be 1*68 cubic inches of dry earthy matter in a cubic 
fool of water, or a proportion by volume of 1 to 1,030 

72. The sediment carried by the Damodar aud Rupnarayan in suspension probably 
ooutains a larger proportion of sand and would be heavier than the Hooghly silt. The 
flood discharge of the Damodar is very red and apparently carries” a proportion of 
extremely fine, impalpable sediment so that * it is diflionlt, even by filtering, to get rid of 
the discoloration in the water. 

73. In addition to the earthy matter carried in the water, there are solids, such m 
lime and magnesia carried in considerable quantities in solution. Piddington found a mean 

^,proportlon of 4*6 of carbonate of lime to 6*0 of earthy matter m the total quantity of solid 
'matter m his samples. In places, the hme apparently combines with the sand and mud 
to form a hard orust on the bed of the Tiver, covering loose sand dep(»it underneath. 
This has been found on the Upper Balan, where the dredger has experienced trouble in 
breaking through the hard strata and at Bhalimar in Calcutta even a bucket dredger has 
had difflonlty in dredging through this oriut. 

74. The heaviest sand in the Hooghly is that brought down by the western tribut¬ 
aries of the bhagirathi. A sample from the Babla shows a fairly coarse, gravelly red 
■and, weighing about 1004 lbs. to the cubic foot when shaken down dry, and theAjai sand li 
similar in character. In the Pabla sample, all the sand passed through a 20 sieve, 90 per 
cent, past through a 40 sieve, 35 per cent, through a 60 sieve, while nothing passed through 
a 100 sieve,4 In the Ajai sampl**, 95 pi«r cent, passed the 20 sieve, 60 per cent, the 40 sieve, 

35 per cent the 60 sieve and 4 per ceut. the 100 sieve. This kind of sand is, howeves, 
seldom met in the channels of the Hooghly, though a sample picked up at Fiahgriitan'i 
Point Anchorage showed traces of it and weighed 100 lbs. to the cubic foot. In this ‘ 
sample, 99*5 per cent passed through a 60 sieve, but only 33 per cent, through the lOO 
sieve. The red sand is conspicuous at Kukrahati where 75 per cent of the samule passed 
the 40 sieve, 48 per cent, the 60,15 per cent, the 100, and ail passed through a 20 rieve. 

75. Ordinarily the bam in the nver consist of very fine grey sand, similar to that 
found in Ganges at the Bhagirathi entrance, with an average weight of-abont 95 Iba. to 
the oubie foot. In a sample picked up at Narainpur at the Bhagirathi entranog, aU 
pasi^ through a 60 sieve, only 85 per cent passed through a KM sieve. In the umvim 
from the Hoogbly bars generally, which have a greater proportion of mud, while lUrfoU** 
oally everything except a few flakes of mica passes through a 60 sieve, 93 to 99 pet, ~ ~'' 
passes a 100 sieve. The quality, howevejr, varies m places. For instance, of two 
picked up on the Upper Balan Bar in different years, while 99 per cent, passed t' 

100 sieve in one ease, in the other, only 80 per oent. pamod through, though itt ! 
asoee all the eand paesed a 60 sieve. In places the deposit sometin^ has a lat|!e a 
tore olt mud and assumes a very fine powdery form with a weight of 89 iSk. 
the cable foot. This has been found at timee on the Baateiti Out, Mmgaa jt 
Balari bars, ssi4 agpeart also on dry sands, such at at Baqktail. Th» 
deeper water ol ehannela is aiao largely composed of pure eandt 
tidtt of mudand olagMa OMptilwahle in-wp weteg, 
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- J UfMitr S^wnied lArgel; o«t to «m and dteeminafeed over the large 

iffiga ^ 9>f9rvuibm^ to rlvOr. The depoidc on the ICaitem Braoe Aand at the 

riwpeenni o( tu 'Weetem Cltaimel, I aa a Urge prepertion of mad and veigha abonf 80 Ihe^ 
tf oablo foot, while a eample picked up at the Eastern Channel Light Vessel in ten 
Jathenfl of water,-was very nearly pore Hooghly silt, snob as is carried in sospension in 
ihe nppet layers of water, with 94 per cent, of very fine sand and mad passing throngh a 
iiOO lleiw, and the wei^t was otfiy 75 lbs. to the cable foot Farther oat in the Fay, the 
depeeU is etmply ooie. 

77. nnke qaantxty of sih corned down by the Hooghly is, therefore, approximately 
541 uMlUon cabtc yards freha the Nadia rivers and 17 millions from the Damodar, Bap- 
aarayaa and Haldi rivers, which, with all drainage makes a total amount of about 71) 
million oobio yards. Of this about 54 millions ia.carned past Moyapar; 57, past the 
James and Mary and 86. millions past Hooghly Point. The total quantity would be a 
block t>f dry earth one mile square and abont 69 feet Uuok However, f'ome redaction 
should be made for silt, trapped for bnok making and other purposes. This, though ap- 
parei^ty inappreciable, makes a fairly considerable quantity in the aggregate. It settles 
tn the pits to a depth of 2 to 3 feet a season and with a rough estimate from the area 
covered by silt pits for briok-making, as well as for water-works, a total quantity of one 
million cnbio ya^s maybe abstracted from the Hooghly water in this manner. Consider¬ 
ing the almost inappreciable quantity of the total How which enters the pits, some idea of 
thetoUlacnonnl of silt carried by the river maybe gathered, but each setHng ground 
from Chinsnra down, abstracts a small proportion of the suspended matter and helps to 
clear the water gradually down to Moyaonr. The deposit in these pits is mostly pure silt, 
but a certain quantity of sand is included, which is more prominent at certain times. 

78. The foregoing physical characteristics of the Hooghly have' been examined, so 
far as mfonnstion is available, in somewhat great detail as they provide the neoewary 
basis for the consideration of the problem of the effect of the freshets from the NadU 
rivers on the Hooghly channels. Opinions have been expressed thdt the cause of the 
troubles to navigation in the Hooghly, is the qnantity of silt carried into the river during 
the freshets, so that if the fresh water-supply was excluded, the silt would disappear and 
the Hooghly channels would automattcally improve. This view overlooks the fact that 
even if it were possible to close the Nadia nver entrances entirely, the discharge from the 
Western tributaries of the Bhagirathi mast still find its way down the Hooghly and this 
constitutes about 27 per cent, or nearly one-third of the whole ordinary supply . the 
sand and silt from this source la of a much heavier and coarser quality than that brought 
down from the Oanges, so thaV the reduced fresh water supply would carry into the 
Hooghly a heavier proportion of sediment # 

79. Suspended matter is at present brought into the Hooghly in very large quan¬ 
tities, but, as has been shown, it is largely mud of very light character and easily trans¬ 
ported, so that It only settles in sheltered places and for the most part is carried right out 
to sea and disseminated over the Bay * The large increase in proportion of tidal to fresh 
water in the lower reaches considerably re<luoes the general proportion of the silt charge, 
as the discharge reaches the estuary and the increased specific gravity of the water enables 
it more easily than ever to transport and disperse the silt. The sand whMIh forms the 
obstructions m the channels appears to constitute a very small proportion of the floating 
sediment and is probably carried in the lowest layers of water, or pushed along the 
bottom, the water being loaded to nearly its full capacity with silt Thu sand itself is of 
very fine, clean quality and very susceptible to the continually varying actions of the 
cnirent, so that the moulding and remoulding of the river bed is continually going on, 
accounting for the frequent and more or less regular changes in the channels of the river 
proper. 

80. Plate No 16 gives a continuous record for some years of the available depths 
on each of the crossings and bars in the river It, therefore, constitutes a graphic hutory 
of the channels of the Lower Hooghly and apart from other considerations, feveal^the 
general effect of the freshets on the navigability of these channels. 

81. It will be seen that with the exception of the Eastern Gut Bar, the peaks in the 
carves which correspond to the worst conditions of the crossings, that is when the least 
depths are available, occur usually in the months of Angnst and September, or at the 
height of the freshet season ; subMqnently the curves fall rapidly till the end of the year, 
but as the dry, or flood-tide, season advances, there is a general tendency for the lines to 
rise again. Speaking generally, therefore, the ordinary seasonal effect of the freshets is 
at first to cause deterioration. This seems to be due to the sadden and more or less 
violent change in conditieue and the movement of solid ddbrt$ along the bed of fhe river 
f rom pool to pool. The deterioration in this case appears to be a phase in the develop¬ 
ment the channels under altered conditions and is caused, not so much by new deposit, 
as ihe redistribution of material already deposited, as the mobile bed readjusts Itself to 
the change in the forces which act on it. At the latter end of the'^freshets and before 
t he fibod-tide season gains infllienoe, the channels are generally restored to their prop«»r 
condition. As a matter of fact, the regular changes in the normal river channels of the 
Hooghly, tempt one to apply the generaliaation already referred to In dealing with the 

. noB<<tk}al Maglrathi, paragraph 11, page 34, that the bed rises at the shallow oroesings on 
a Tiitng rim and faUa with g falling level. 
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82. Though »itingW vwj high ixmM etuat ^oaiddotAb!* dotari4nl|oi te 
Mason at Tarions pbaes, saeh as Matwbraj, Falta tad Kinaa, with ■ tnnfiiinMhi xif hlifp 
froflhota, the navigable chaaneis of the fiver proper ailght be expeeted^t^ iOUitfbat'pQ^ 
the exM^Hon ot the abnormai ehannel at Nitta 4 . This deteriorated, eQasidatsdDIf 1st £e ' 
high freehbt of 1885 and remaioed bad till I 8881 in whidb gear it recovered. 

^frMhels in 1889 and 1890, it deteriorated again and remained in very btdeonditlon 
thronghont 1891. It fell again with anoUier high freehet in 1898 and did net iBipreve 
till 1895, while in the weak freehet of 1896 it was oonaiderably better. «. 

83. On the principle that a chain ie no stronger than its weakest Unk, tfae navigeblU 
Ity of the Hooghly would gain no advantage from the greater icooring effect of high 
freshets, so long as the abnormality at Ninan oaosed considerable ‘deterioration In th» 
channel In^thU seotion, paftlcnlarl^ as this detexioration is greatest at a time whna the- 
Kastem Oat Bar m the same section is naturally in its best condition and the seasomd 
improvement occurs when the Eastern Oat enters on its deteriorative phase, thus giving a 
oonrinaoasly bad period for the whole section. 

* 84. A general disadvantage of very high freshets also, is that a greater proporfion 

of heavier sand is likely under these conditions to be earned down in tnspenmon andthin 
by replacing lighter sand la likely to give trouble in suooeeding freshets, partionlarly in 
the estuary. Weak freshets, on the other hand, would eventually result in general 
deterioration which becomes immediately apparent at another link in the chain at the* 
Eastern Gi)t, which was m a continuously bad condition dnrfSjf the abnormally weak 
freshet period from 1895 to 1897. 

85. It might be argued that weak freshets bring a lesser and lighter quantity of silt 
down the river, but as already seen, the silt is cf such light nature that it does not uaually 
settle in the channels. On the other hand, the current in the dry season stiis up tho 
deposit the sands in the approaches, as well as that in the river, during spring tides, so 
that the water is then fairly heavily charged with sediment which is heavier than ordinary 
silt and settles igore rapidly * This, owing to the predominanoe of the flood ‘tide, is earned 
up the river and if the freshet slnice head did not exist, or was not powerful euon^ to 
sweep It all out to sea again together with the silt carried in by itself, the river would 
inevitably deteriorate, as has been shown to be the case with flie Hasnlpur and oeitaiu 
Sundarbans rivers where the tidal spill which performs the same functions as the freshets^ 
has been restricted. 

86. In the curves of available depths, plate No. 16 it will be noticed that the linee 
usually commence to rise before the end of the flood tide season in June The normal 
deterioration of the channels at this time is quite intelligfble The navigable channels of 
the river proper have, as already stated, been formed in the concave bends by the ebb 
current and the flood current, vainly endeavours to create new channels along its natural 
line of flow on the opposite, or convex sides. When the t^o forces are evenly balanced, 
or'the flood tide predominates, it endeavours to change the established conditions and aa 
there then are no decided chanpel creating tendencies at the crossings, deterioration 
naturally ensues, which would become more apparent and serious, if the ebb current failed 
to receive the regular re*«nforoement of the freshets which enables it seasonally to regain 
control overdue conditions 

87. The Hooghly has a fairly permanent, general regimen, that is an equilibriuzD 
has been established between its sectional area and its power to dispose of the silt earned 
into it. The quantity of this silt has been seen to be enormous and it is apparent that if 
even a small percentage of deposit were left regularly in the river each year, thir, together 
with the sediment carried u;^ by the flood>tide during the dry season, would, in a short 
period give unmiatakeable ngns of deterioration. With a diminished supply from the 
feeder rivers, the upper channels would react and the tidal reservoir would be gradually 
reduced. Now the ohannels are dependent for their maintenance during eight months in 
the year on tidal action and any restriction on the up and down sweep of the current 
would unquestionably be harmful, not only m the estuary where these forces are predo« 
mnvant, but also in the upper channels. 

88 Furthermore, as in all tidal nvers, the extra depth given by .the rise of tide at 
high-water, is of the utmost value to navigation, and as a matter of fact, it is only this 
tidal rise n Inch makes the Hooghly navigable by vessels of deep draft. Any reduoUoD 
of the tidal reservoir woald react on the range of tide in the upper reaches, so that it is 
df»sirable to endeavour to extend tidal action as far up the river as possible, both on 
account of the resulting benefits of increased scour in the channels and increased rise of 
tide in the dry seasoa A good freshet, besides its beneficial scouring effect on the 
channels is valuable to navigation, as it provides increased depth at high and also at low- 
water, and while very high freshets are undesirable under the preMnt abnormal oendi- 
tions at Kmau, and owing to the increase in heavy sediment carried down which might 
be expected to ^ve trouble in the estuary,t very low freshets on the other band^oanso^ 
similar acute trouble at the Eastern Got Bar and a oontinuanoe of them would nssnlt la 
general deterioration. ^ $ 

Finally, the oxolnsion of the Ganges freshet altogether and relianoe'chlcfly on . 
action, would gradially reduce the Hooghly to the same oondiUoa |s the Hupnaraj^ 

* Wbtl* tbt water in the H0MU7 i* ingfclj dieeolenrefl at the height ef mlu tUM la titi Car NlMa* 

during the weak humnti at the dead dae^ it becosMcoMpac^iTely elanr. the M^aaS itt etiliaao aj^ IMw wSea 
i«deiKmltedgene»]l7,ead higher apntnan owing to the itrodger forgot the flood4ide 1. t » 

t The dieadtat.tagee od high fieehete in theh llahilitT to Uoek tteappeaeehM totMriwaaweaMtiwdMglisiihih 
oeadltieee at the oa 53 ot the iHiih^ where the eoabtned^ieehMgee ef the Beif»a fhahwainim |Mw 5 Sh MH to 
eeoar a ccattoMae deep epjitiiMeh dhepaiS throagh the depoette. , 
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mMA 'PvMAss. ThiM riTftrt debonch iato th« Hooghlj near itt eataary aud ao oome 
iiddlt'ibffta'wbarabaiiUr tidal iafioanoas: aa a matter of fact, the Bapoarayan is eveu 
aMM tfttonrtbly aituted la this reapeet owing to the poaitton of ita entranoe with 
reitard to the doM-tide. They deriye their fresh water aappUea from similar basins to 
4b%i,to whfah the Hooghly would be restricted for ita supply, if the spill from the Ganges 
Wpa axoluded, and the elaas of sediment carried down would be very similar. The oondi> 
atoaa baing parallel, the Hoi^bly with the entrances of the feeder nvers from the Ganges 
oloMd entirely, might be expected gradually to accommodate its channel to the diminished 
•apply «iid ultimately to reach the same state of nnnavigsbility as its tributaries. 


CHAPTER VIII. 

AllAgad Deterioration of the Hooghly. 

AND PROdBCTe FOR ITO IMPROVBMKNT. 


1844. 


1868 


1. As in the case of the Kadia rivers, fears have been periodically entertained 
regarding the deterioration of the Hooghly, and lu fact ^egardm^ the closing of this 
aa'^gable approach for deep draft vessels to the Port of Calcutta. 

2. These fears have at various times as in 195d, Iddi and 1895 become so acute as per^MitoaUmu 

to call for special enquiries into the matter, and as early as 1K44, the question of the regardms 
deterioration of the river nad been considered in connection with a proposal to eonstruot 
wet docks at Calculta to relieve congestion of shipping in the river. The general ^ ^ 

oonsensus of opinioir among pilots at that time, was, that while the ch&nnele of the 
Hooghly varied continually, paiticularly in the estuary, where they were stated to 
fluctuate between bad and worse, there was no fear that the river would ever become un- 
uaTigable by vessels of heavy burden, as one channel opened when another closed. 

However, in 185.-1 the the Bengal Chamber of Commerce addressed the Government of 
Bengal on *Uhe difflcult and dangerous state of the navigation of the River Hooghly, 

which threatens at no distant period to render access to the Port of Calcutta altogether 
impraotioable for any vessels, but those of the smallest tonnage *’* 

3. They submitted for consideration **the very great importance of endeavouring 
to open a new communication from the sea to this Port by some new channel such as the 

Matla rtTer.*' The Hooghly Commission of 18')3>54, comprising three members, was TbeHooRhi^ 
accordingly appointed to report on the matter This Committee practically confined Commuionot 
itself to the examination of the personal evidence of a number of witnesses and under the 
circumstances naturally disagreed over the question of deterioration The majority of 
two members, while deploring the deficiency of charts and documente and commenting 
on the contradictory character of the personal evidence, found it “very difficult to 
nnderstand how a river into the channels of which, like the Hooghly, each enormous p^Mmutw opintew* 
quantities of earthy matter are annually poured and deposited, can d.> otherwise than of majority of 
deteriorate (if totally left to its natural agencies), however gradual or slow the process 
may be *’ and supported this view by a comparison ol the state of the river at that time, 
with that shown by certain “ Remarks on the sounding of the River by H. Wedderbouine, 
dated July 8th, 1774, and an “Account of the state of the Channels of the Hooghly*' by 
J . Ritohie, dated December 16th, 1776. They arrived at the following conclusion ~- 

“ If the statement now submitted by the undersigned be the true exponent of the 
evidence taken, it follows clearly that the River Hooghly has deteriorated 
op to the present time * that deterioration has been gradual, and caused by 
the shoaling and contraction of its deep channels from accumnlgtions of 
Blit; and that under the present conditions of the river, the detenoratMu 
will be progressive “ They found “ that sufficient dubS do not exist for 
arriving at an approximate guess as to the period at which ships of large 
burden may be expected to resort by preference to the Matla, supposing 
the head of that river to be connected with Calcntta, either by a railway or 
i^ip oanal, hut looking to the immense interests that would be most 
injuriously effected by such an event, it is very respectfully submitted to the 
most earnest and early consideration of His Honour thpLieutenaDt*Gov6rnor 
of Bengal, that every means should be faken to avert such a catastrophe; and 
ibe aid of the highest Hydraulic Engineering skijl should be called in. 

Minute and periodical surveys of the whole length and breadth of the River 

from Calcutta to the Sea, are necessary.The time may not be 

very distant when vessel's of a class may tisit India, for which no probable 
improvement of the Hooghly would render it navigable; and while, there¬ 
fore, every nerve should be strained to keep its obannels efficient and 
preeerve it as a Commercial highway, it may be well not to lose sight of the 
Matla aa^D auxiliary port.'* ’ , 

^ 9 

A T%ie third Member of the Committee, Mr. Piddington, to whom fre have optimkUo opini« 
sigeady vdlerred, viewed the matter from a more aoientifio standpoint. He recognised the of ih rd member, 

. . . . Ill I ® PiidingtoB 

* ^ihw IsuBWt iiUfli lUuiue^i RWt irtfee (bn ef aboat 1,100uu uoi tba nott aamaioiu«lau batwan000 Md 
fRtasa 

* 1 X < 
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importanod of ' the freehett in maintaining the channels of the Hooghly and stated 
“I am of opinion that it is of the highest importance to the fatare state of 
the navigation of the river, at least from Oafoatta to abont Hooghly Point, that the moat 
strennoas endeavours shonld be made and every means used and every experiment tried, 
to ensure a copious supply of water for as many months in the year as possible at the 
heads and along the coarses of the three mam feeders of the Hooghly.” 

5. He diftereJ from the other Members on the queslion of deterioration and arrived 
at a mnch more optimistic conolosion as follows :— 

Reviewing the whole of the evidence, parole and docamentsry, which we have 
obtained and giving every part of it my best consideration, I am of opinion, 
** that up to the close of the year 1853, there is no fair ground for supposing 
** that the Hooghly has upon the tvhole deteriorated From Calcutta to the 
“ flea, as a navigable river during the present century. The changes have 
. undoubtedly been and always will be frequent, and the permanent ones, 

“ as distinguished from the mere fluctuations of particnlar channels at 
** different seasons of the ydar, are often very great, but not more so than is 
to be expected from a tropical river, more or less dependant as the Hooghly 
** undoubtedly is, on suoh numerous and variable, and distant elements, as the 
seasons and quantities of snow falling and melted on the Himalayas, the 
** periodical rams oi the delta , the CRpncious formations of the sandbauks 
of the Great Ganges at the heads of its feeders, so well described by Ma^or 
**Lang, the uncertain effects of the supply from its Western tributaries, 
** and flually, the strength and direction of the South-West monsoon and of 
its northerly currents in the l<ay of Bengal, on which the strength of the 
flood-tides greatly depends. And I fully concur in the view already referred 
** to, taken by so many of the best informed of the witnesses, that as one 
‘^chafluel shuts up, another opens out, which I think is amply borne out by 
** the evidence , so that I find nothing to lead us to anticipate any future 
‘'deterioration beyond such as may arisj from a temporary shallowing of some 
“ of the difflcult chaunels while a change is goiug on near it, as exeinplifleJ 
“ annually in the alternate closings and openings of the Eastern and Western 
“ Guts of the James and Mary ’* 


6 Koduug appears to have been done as a result of this Commission and another 
critical phase in the channels in the lower reaches again occasioned SvriOiis aUim in 
1863, and it was reported and published in Loudon that the trade of Europe with i>engal 
WHS in danger of immediate and prolonged suspension 

“ The calamity which has overhung the city for years, which Lord DilhouMe strove 
“ in vain to avert and the fear of which has at intervals strained and baffled 
“ the ingenuity of half the engineers ot Bengal, is officially admitted to be 
“already at hrfhd.” . 


Leonftrd’i report, 
1866 


Obbaid’e opinion, 
1866 


7 In February 1864, the becretary of State placed Mr H Leonard, Superintend¬ 
ing Engineer, Public Works Department, on special duty to repott on the river. 
Mr. Leonaid visited all the important 1'uropean rivers where improvement works were 
being carried on and consulted Sir Charles Hartley, Eugiueer ot the Danube Commissiou 
He submitted a report lo June 1865, reviewing the general hydraulic lactors concerned in 
the maintenance of the Hooghly channels and the conditions at the critical points for 
navigation He agreed with the majority of the 1853-54 Committee, that it is difflcult 
to come to any other conclusion than that the Hooghly must deteriorate, however 
slowly, considering the agencies at work on the river. “First there is the enormous 
quantity di Blit carried down every year, which must be deposited in or about the 
(lebouche, lengthening out the Sandb^ads and thus decreasing the scouring power of the 
stream. The process is no doubt very slow, or its effects would be much more marked. 
Vast quantities of the bilt brought down must be carried out far into the deep bay by 
some ageucy , very likely during the South-West monsoon when the water ot the biy 
IS almost constantly heaped up towards the river, an under current is produced which 
sweeps it out, but yet the tendency of this enormous deposit of silt is to injure the navi¬ 
gation of the river« Secondly, there is the constant, though slow widening of the lower 
section of the river, whibh tends to diminish the scouring power of the current and also 
leaves ihore room for the chaunels to change from side to side”. He quoted the opinion 
of Mr Obbard, the River Surveyor, who had very carefully gone over every document 
bearing on the point, as confirming the tendency to deterioration Mr Obbard divided 
the perioUs under consideration into two epochs, one from 1765 to 1836 and other frou^ 
1836 to 1853 A general review of the analysis of the conditions of the chaunels in tffi 
first period, Bho>6ed that on the whole, there was no recordel proof that the river hid 
generally deteriorated prior to 1836. Great changes had taken place, especially in the 
•c lannels between Ealpi and Eliijin where they were almost incessapt, but it does not 
appear me that upon the whole so far as the very imperfect evidence throws light upon the 
matter, the river was materially better or worse in 1836, than it had been upon the 
average previously'*. Of the period 1836 to 1852 Mr Obbard said “ Between Mud Point 
and Kalpi, there cm be no question the river has become worse sinoa 1836, and very much 
worse than it was in earlier times. From Kalpi to Calcutta, the riverts neither better nor 
worse than it has previously been *' 
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8. With the sabseqaeftt opening in 1875, of the Belari channel, which enpereeUed 
the nnatable Eangafala channel, the tronblesome section of the riTer between Ka^i and 
M nd Point improved. Alarm regarding deterioration of the river was allayed till 18$1 and ttn 
snoeeeding years, when sacoessiye high freshets caosed severe deterioration in the Xman 
channel at the James and Hary, as referred to on. page 96. 

* 9. On the representation of the Liner's Confer^oe and the Bengal Chamber of Com¬ 
merce, the Port Commissioners obtidned the services of the late Mr. L. F Vernon Harconrt, l f Vemon 
an authority on Kiver Engineering, to report on theHooghly. Mr. Harconrt spent a month 
at the beginning of 1896 inspecting the nver with its feeders from Ganges to the sea, and 
in an exhaustive and able report, examined the whole position as regards the capabilities 
of the Hooghly to famish an adequate channel to a port of such increasing importance 
as Calcutta. His oonclnslons founded on all the evidence available, were distinctly 
optimistic He stated The foregoing comparison of the variona charts and surveys of 
the River Hooghly, shows that the Hooghly is a fairly stable river, undergoing indeed 
considerable fluctnations in depth at some places according to the seasons and the volume 
of the freshets, but free from any gent ral deterioration in its condition between Calcutta 
and the sea. The Hooghly accordingly, with the exception of the well-known obstacles 
to navigation at Moyapnr and in the James and Mary reach, affords no indication, either 
in its river portion, Its estuary, or its outlets, of progressive deterioration reudering it 
necessary to contemplate its abandomeut as the navigable outlet for the trade of Calcutta 
at some latnre period Unless some unexpected change of the course of the Ganges 
should occur, so as to deprive the Kadia riiers of their annual supply and thereby 
materially reduce the discharge of the Hooghly, or unless the occurrence of some seismic, 
or cyclonic disturbance should alter the existing conditions unfavourably, there is every 
prospect, that provided the two obstructions in the river can be removed and some 
improvements effected in the estuary, the Hooghly will provide in the future a considerably 
better waterway between Calcutta and the sea than it has done m the p^st" 

10. He pointed out that in the absence of improvement works, t^e Hooghly had 
provided a moderately accessible water-way up to Calcutta for vessels of larger draft 
than in former days, but the conditions contributing to this, such as the introduction of 
steamers in place of sailing vessels and the improved and ftiore frequent surveys of the 
river, etc., appeared to have been carried to thoir fullest extent and that farther facilities 
for navigatiou must be sought in river works He goes on to say “ the gradually inereasetl 
draft of vessels, the extending demands of sea-going trade and the keen and growing 
competition of ports, have rendered very extensive improvement works necessary for 
many rivers leading to sea-ports, in order that the trade of the ports on their banks might 
be maintained and extended by the provision of a safe and adequately ^eep waterway 
to them Few ports indeed have been able to rest content up to the present time, like 
Calcutta, with the many valuable improved indications of the navigable channel, such 
as the experienced river surveyors of the Hooghly have devised , and the Hooghly oan. 
hardly be regarded at all times, as an adequately safe and accessible waterway for the 
trade of Bengal. Fortunately the Hooghly does not appear to b# subject to deterioration, • 
or to present such peculiar conditions as to render it incapable of improvement iii accord¬ 
ance with the principles which have, witbm the last quarter of a century been applied 
with such conspicuous success to rivers less favourably endowed with natnral 
capabilities for navigation. Rivers with a greater fall than the Hooghly, with more rapid 
currents, with a less stable bed, with a more irregular flow, bringing down larger 
quantities ot alluvium and devoid of the advantages of a tidal flow, have been improved 
for navigation, in spite of these disadvantages , and the Hooghly is better adapted for 
improvement that some rivers upon which successful works have been carried out" 

11. He oonsidered that the Moyapnr bar had deteriorated owing to the gradual widen¬ 

ing of^the river at that place , that the changes which have occurred in Fulta Reach—that 
IB, (he closing of the secondary channel at the back of Folta Sand—the widefiing of the 
Hooghly in progress near Fnlta Point and the prospective reduction in the ilischarge oi 
the Damodar, appeared likely to constitute a permanent deterioration in the Nman 
channel of the James and Mary Reach also that the widening of the river m that reach, 
afforded less prospect of relief than m former times by the adequate opening out of the 
Western Gut tojvards the end of the dry season when ^he Eastern Out was bad , the latter, 
he considered, though the most awkward and changeable part of the river in regard to its 
bar, IS the only portion of the James and Mary Reach which does not appear hitherto on 
the whole, changed for the worse. • 

He finally conclndes bis report as follows — • 

^ In conclusion, a very careful study of all the available charts indicates that the 
Hooghly possesses considerable natnral capabilities for navigation , that 
by training works m the Moyapnr and Jamesjind Mary reaches, its river 
portion could be greatly improved and the deterioration of these two 
places arrested , and that the navigable channel through the estuary, 
though leas capable of improvement at a reasonable cost might, owing to 
the fair stability of its coarse and the ran of the currents along the mam 
channel, be deepened io a moderate extent by a powerful suction dredger 
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12. Immediately after Mr. Vernon Harcoort’s visit, the Nman channel improved 
considerably in the weak freshets of 1896, while the Eastern Gut deteriorated abnormally, 
becoming still worse at the beginning of 1897, when the S.9 City of Canterbury vias 
wrecked on the Makrapaui Sand. The wreck, however, fnlB'led the funotions of an 
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isolated imd<ri\er waU aad before it aAnk antiraly below the sand, helped to maintaiu a 
fair depth oTer the Bastern Gat Bar. The inflaence of the wreck was graduallj weaken* 
lug, when the Port Commissioners iostitated dredging operations m 19(f7, by means of 
Avhich it has been possible to check abnormal deterioration at the critical points, an i conse* 
qnently no further serioas detenoratiye phase has developed since, in any particalar section. 

13. From the general characteristics of the Hooghiy, as sketched in the foregoing 
pages, it will be seen that deteriorative phases may be expected in certain sections of the 
nver, due to abnormal causes in the upper reaches, such as a suoo^tou of low freshets, or 
high freshets, or in the estuary in the ordinary secular development of the channels * 
Th»*ae phases ot the channels, which in the past have created alarm, have been showa to 
be the results, merely of temporary fluctuations and can in no way be taken to indicate 
general, permanent deterioration of the particular sections, much less of the whole river. 

14. At the same time, Mr. Vernon Harcourt asserted that deterioration of a 
permanent character bad occurred lu particalar places such as the James and Mary Reach 
an^ Moyapur Bar due to the gradual widening of the river through natural erosion. 
Even, if so. this being duo to local causes and not to any general degeneration of the 
river, is Capable of being rectified by the restoration of former conditions at these places, 
or by improvement works, having the same effect, so that the prospects of the river as a 
navigable waterway are not necessarily endangered thereby, provided measures are taken 
to meet this local action at these points and similarly at other places as occasions arise. 

15 An ordinary test of the condition of a modem nivigable waterway is the limit 
of Its capacity for the traffic of the port If this expands in all directions in accordance 
with the demands of trade and particulaily if difficulties have been experienced in the 
past, the natural presumption is, that while the nver may not formerly have been used to 
its full capacity, it cannot be deteriorating By this measure the Hooghiy is very far 
from being a decaying river and has so far met growing demands with satisfaction In 
1853 when the Hooghiy Commission was considering the abandonment of the Hooghiy, 
the largest vessel visiting the port was 1,810 tons 

16 The maximum tonnage thereafter increased rapidly to 2,163 tons in 1860, to 3,128 
tons in 1870, to 4,023 tons in J 880, to 6,037 tons in 1890, to 7,237 tons m 1900, to 7,705 tons 
in 1905, to 8,117 tons in 1911, to 9,600 tons in 1914 and 12,989 tons in 1917 

17 The incioase in length of vessels has been from 368 feet m 1870, to 400 feet in 
1880, 422 feet m 1890. 470 feet m 1900. 501 feet in 1911 and 5U feet in 1917 

18 What, however, is of greatest importance in this connection, is the increase lu 
the maximum draft of vessels. Previous to 1830, though vessels of greater draft had on 
occasions foimerly navigated the river, pilots were prohibited from moving vessels 
drawing more than 17 feet, at any time of the year between Calcutta and Diamond Hat* 
hour In 1830 a revised rule was issued by which pilots were strictly forbidden on pain 
of dismissal from the service, from moving a vessel of greater draft than 20 feet, in the 
river at any time of the year, even with the aid of competent steamers vessels of over this 
draft bad to iliscbarge part of their cargo either at Saiigor or Diamond Harbour In 1860 
no vessel of over 23 feet draft used the river In 1870, no vessel of over 24 feet draft 
Visiteil Calcutta and only 4 tn tween 23 and 24 feet in 1880, the maximum draft was 
2.V 2\ anil it mcreaseil from 26' 1" lu 1890, to 27' 2" m 19(K), to 28' ,3’ m 1903, to 29' 3’ in 
1911 and 29' 10" in 1917 Iti 1912-1.1, previous to the war, 49 voasels of over 27 feel and 
12 vessels of over 28 fe-'t draft used the river 

19 This great increase in size and draft cannot of course be attributed to any 
considerable extent to actual improvement of the river channels In earlier times, a 
large proportion of the trade of the port was carried in sailing vessels and previous to 
1830, practically all the traffic consisted of sailing ships and there were only a few tugs 
A sailing ship requires a wider and therefore a naturally deeper channel for navigation 
than a steamer, and a channel which would barely suffiGe for a ship of 18 feet draft, 
sailing up or^down the river, might givf ample facilities for a steamer of much greater 
draft, .owing to the ability of the lattei to navigate along the deepest line or thread of the 
channel. The supersession ot sailing vessels by steamers would, therefore, permit fuller 
use being made of the available ilepth and an apparent, though not actual, improvement 

, might result from this cause However, so far as the Hooghiy is concerned, this change 
was effected, so far as the heavier tralho is concerned, some decades ago and the improve* 
ment in traffic siuce about 1880, cannot in any way be ascribed to this cause Another 
tactor, which has contributed considerably to the growth of traffic, is the provision of 
greater facilities for navigation in the river In former'times, as shown by the reports of 
the 1854 CpmmiBBion and Leonard’s report of 1863, the chief difficulty in the nver where 
deterioration was apprehended, whs in the estuary This, though to some extent due to 
the great instability of the Rangufala Channel, the supersession of which by the Balari 
Channel in 1875, has, since 1879, resulted in considerable improvement in the section, 
was largely due to inadequate surveys which probably delayed the discovery of alternate 
routes providing better channels In recent years, owing to complete surveys of the 
estuaryr made annually and Ihore frequent ordinary surveys, a closer watch has been 
maintained, particularly in the transitional periods, so that it has been possible to discover 
newer routes into which traffic has been diverted immediately the channels have dete* 
norated, as in 1898 when the old Gabtola Channel was substituted for the Eden. The 
latter was reopened in 1907 and again replaced by the present Gabtola Channel in 


* The fiHMgable channel in tbe lower portioa of tbe e«taar} Mow Mod Pout derelopB al intarvaU on the CMtera 
Bide, Bod then niovie bod)l> westward aniil it works itnelf outside the Influence of the flood tide from Bangor Uoada mod 
then elosM, while a new eMtem channel is opening 
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1912. At the beginning of this year, 1918, a new channel wa? opened to the eastward of 
the Hiddieton Ohannel, as the latter showed signs of general deterioration At the same 
time the greater frequency of sarveys have rendered it possible to take more advantage of 
existing channels and the provision of additional facilities in the way of plans, buoys, 
marks and early information of changes, have contribute<i to the general improve- 
riient. This, though Mr Vernon Harconrt in 1896, lieheved it to have reached its 
fullest extent, has been considerably extended even since then, and with the institution of 
dredging operations, has accounted largely for the fact that the Hooghly has t>eeu able to 
meet the growing demands of trade by accommodating larger and deeper vessels 
progressively. The indications in this respect, though they cannot he taken as showing 
undoubted actual improvement in the channels, serve to show at least that there cannot yet 
have been any serious deterioration and this is borne out by an examination of the lecords. 

20. First taking the channels of the estuary, the evidence appears to show they have ExammaHon of 
in fact actually improved The Gasper and Thornhills channels, winch before the middle channd8"of the* 
of last century corresponded with the present Middleton and Gasper, had according to estnarv 
the evidence of the 18.')4 Committee, IV 6' and 15 feet, respectively, m 1852 and 1854, 
though there had previously been better water. Though the channel was well clear in the Gaaper, Thornhill* 
eighties and has never had as good depth since, the Middleton has only on one occasion, an^^^iddleton 
had less than 15 feet (m 1894) and the available depth has been usually 16 to 17 feet, 
with 20 feet on the Gasper, except between 1900 and 1908 At present the^e is one bar 
with 16' 6' depth 

21 The Lloyds corresponding with the Eden, and the Bedfords with the present la 

Gabtola Channel, which were used alternately, had a best depth on occasioue of only 8' 3", ** » 

and 11'3\ respectively, the former in 1855 and the latter in 1868 The Eden Cbaimel . 

had only 10 feet in 1888 and though in the transitional periods in 1898-99 and 1912-13, 

the available depth in either channel was for a short while between 12 and 13 feet, the 
depth has usually been much greater and at present is 14' b* « 

22 The Auckland and Mud Point channels which may be taken to correspond with 

the Dredge and Jellingham channels of recent times, were very variable channels wnh and°jeihng£m 
least depth on occasions reported as 10 to 14 feet in the evidence of the 1854 Committee ch*nneU 
In 1863, the Auckland had only 13' 6* at the same time as the Bedfords had 12 feet, and 
there was only 15 f^et m the Mud Point Channel in 1871. The Jellingham Oh'inuel 
passed through a bad phase between 1892 and 1897, when on occasions the depth fell to 
13 feet It has been much better since and at present there is 18' 6' on the orossinff 

23 'fhe outer and inner Rangafala channels, used alternately, may be taken as 

corresponding witl\ the present Haldia and Balari channels The inner Rangal.ila was am-e* 

apparently the navigated channel from the beginning of the 19th century to 1840, when 

the outer Rangafala, which had been hrst examined two years before, was opened 
These channels apparently were very variable and generally obstructed by one or more 
bad bars, and between 1848 and 1875, when traflic had been generally diverted into the 
Balan Channel, it seems there was only one year when a depth over 15' 6' was obtainable 
right throngb On occasions,asm 1859, there was only 9' 9' and frequently, asm 1848,1856, • 

1859, to 1860, 1863,1864-65, 1867 and 1873, there wa§ 10' 6'to 12 feet The Rangafala 
island formed between the channels about 1850 and has gradually gi own and joined the 
mam land, completely blocking the inner channel, and there is now dry land where the 
deepest vessels navigated S') late as 1862 With the growth of Rangafala island, the lialari 
Channel on the opposite side of the river gradually opened. The Balan was first buoyed 
and opened in 1872, with 13' 6' available depth, but it gradually deteriorated again and m 
1879 gave only 11 feet, bnt opened to 14 feet m I 58 O. Since 1888 there has been 
generally over 15 feet depth in the l^alari and in 1917 there was practically a clear 18 feet 
right through. The present depth is 16'€' The Haldia Channel which forms the lower 
outlet of Balan, passed through a bad phase between 1893 and 1899 and in the cold 
weather of 1893-94, the depth in this channel fell to as little as 12 feet, bQ4 it opened 
right out in 1899 and has since then provided more than 25 feet • 

24 The channels m this section, as already stated, pass throngb great fluctuations. General 00m- 
but comparing the general stability of the present channels with a least depth throughout 
generally 15 feet or more, m the past 20 years, with the condition between 1848 and * 

1882, when in only one year, 1866, a depth of 15 feet was obtainable right through 

the estuary, it is obvious theie can be no -question of deterioration, even allowing 
tor more accurate surveys of the present day This is emphasised by a comparison 
of the present actual condiiions with three stable bars, the Balari giving 16' 6', the 
Gabtola 14' 6* and the Middleton 16' 6” depths, with the state m 1863, w^en the 
Rangatala, Auckland and Bedfords channels were all in a very disturbed condition and 
provided best depths respectively of only 11' 3' 13' 6' and 12' In the worst condition 
in the past 20 years, which oocnred in 1899, the Gabtola bar gave 11' 6' at the same time 
as the Upper and Lower Balari Bara provided 14' 6' and 16', respectively 

2o. As'regards the channels in the upper reaches to Calc#lta, the Eastern Gut Bar, 
which till recently was always for about six months in the year, the chief obstacle to 
navigation, appears undoubtedly to have improved In Pilot Beaumont's evidence m 1854, 

It was stat^ as a common fact, that the depth would fall to 3 to 4 feet in March, and the 
River Surveyor, Mr Bedford, stated the depth varied from 4' 6* to 21' during each 
year. He gave the monthly means of the depths on the tracks for five years previously, 
which are summarised in the following table and compared for the months of the 
deteriorative season, with tiie mean depths in the 30 years* period from 1875 to 1905, 
and the 10 years* period from 1908 to 1917. 
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A meaq depth of only 6 feet 5 inchee was available in June in the earliest period, but 
during this month the alternative channel of the Western Gut then afl orded 8 feet and 
tiie latter may be taken as the mean depth for the month in that period. It will be seen 
what considerable natural improvement there has been in this channel since 1850, and an 
examination of the curve of available depths, plate No 16, shows the general improve¬ 
ment since 1875, particularly in the period following on the wreck of the S8. City of 
Canterbury in 1897. 

26. Sifice dredging was undertaken on this bar in 1907, the mean depUis are 3 to 
4 feet greater in the worst months, than in tlie intermediate period 1875 to 1905 and 5 to 
9 feet greater than iti the middle of the century 

27. The Moyapur Bar which is the next most important obstacle, shows indications 
of some natural deterioration which is prol ably largely due to a local cause, the widening 
of the reach through gradual erosion From the table of comparison of the mean depths 
given below, the ^ar appears to have been 2 to 3 feet better in the middle of the century, 
than in the 30 years* period 1875 to 1905, except in the worst season when it was only 
on the average 7 inches better than in the worst season ot the latter period It is, 
however, difficult to reconcile the improved depths shown in Mr. Bedford’s table of mean 
depths for 1849-53, with his statement at the time, that the bar varied between 12 and 
21 feet, and Leonard in 1865 gave the depth varying between 12 and 20 feet However, 
since dredging has been properly instituted, the average depth throughout the year since 
1910, 18 now about 6 inches better than in the middle of the century. Though the bar 
apparently became worse after the fifties, there can be no doubt there has been some 
improvement since 1875, as shown in the curves, and it should be noted in this connection 
that Pilot Keymer in 1854, stated he had known as little as 9 feet on it, while for the past 
28 years, the bar has not risen above 10 feet. 
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28 regards the Royapur Bar, Mr. Bedford's ataiemeut of 1854 is very incomplete. 
The jiverago depths on all the tracks are gryen only tor the mouths of May, July, August, 
September and October, and the best depths are respectively 15' 7*, 17' 9', 18' 9*, 17' 7' and 
18' 3” For the months of February, March, April and June no depths are given, and in 
the remaining months, the depths on one or two tracks only and this vanes-between 13' b* 
and 14' 3', though there apparently must have been deeper water on the other tracks. 
Leonard in 1865 stated the depth varied with the seasons, but there was generally 1-6 feet. 
In 1828, according to Bedford, vessels of 18 feet draft could not pass, but this may have 
been due to lumps which,blocked the channel for sailing vessels The following summary 
shows ihf mean depths as given by Mr. Bedford compared with those in the period 1875 
to 1905 and 1906 to 1916. 
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29. In 1901 therd was an abnormal deterioration in this locality and the depth 
Cell to 2 feet 6 leheo in October of that year, but this was a temporary shallowing which 
shortly after disappeared and was probably doe to an aconmalation of weeds, or a wreck. 
It will be remarked that in the last period of II years from 1906 to 1917, the depths 
are on the arerage a good deal better than in the average In the 30 yean penc^ from 1875 
td 1905, and apparently generally better than m the middle of last oentory, this, 
however, is partly dne to occasional dredging when the locality showed signs of 
deterioration. 

30 The Nman channel occasionally develops a senons bar which was particularly 
obstracCive betweeen 1885 and 1891 and again m 1894 and 1895. lu 1890 the available 
depth fell as low as 7 feet for a short period and was 10 feet, or less, continuously from 
September of that year till Aagust 1891. It has provided over 15 feet during the past 
eight years and as will be seen on the curve of available depth, plate No. 16, there are 
no general indications of deterioration since 1875. As early as 1826, the available depth 
at times was only aboat 13 teet 6 inches as shown on a chart made in that year by Captahi 
Robb, Marine &urveyor*GeiieTal, and Lloyd in 1836 shows 12 to 15 feet. The Ninan lum(>s 
were recognised as an impediment in 1853-54 when one pilot stated “in the freshets the 
.Xiuan lumps come down ami join on the Korpur lumps, forming a flat which has now 
(December) 12 feet on it This small water is found from September till the strong 
floods set in ** Apparently, however, deeper channels existed between theye detached 
patches of shallow water and the average available depth was much the same as at 
present. 

31. The Western Gut Bar which was formerly generally used by all vessels in the 
dr; sea-on when the Eastern Gut was bad, has undoubtedly deteriorated pafi pasau 
with the improvement of the latter Bedford in 1854 gave mean depths fluctuating 
between 2 feet 4 inches in November and 9 feet 7 inches in March. In the past ten years, 
the actual available depth has fluctuated between a maximum of 6 feet^and a minimum 
of minus 6 feet 9 inches. The deterioration of this channel is, of course, of not much actual 
consequence, as it is only an alternative channel and has never been deep and the 
deterioration is far outweighetl by the corresponding improvement of the Eastern Gat 

32 The Eastern Gut, Moyapur, Royapur aud Nman channels are the most 
important in the upper reaches of the river to Calcutta, but the deeper crossings at 
Panchpara, Sankrail, Pir Seraug and Pujali have assumed greater importance of recent 
years. These channels were not mentioned as obstructions in early years, but this is 
because they are low-water croseings aud it is natural that with the greatly increased 
draft of vessels, they should be forced more into prominence. They have rarely 
afforded less depth than 21 feet at low-water in recent years, aud as no vessels of 
this draft used the river before 1870, they would not have been obstrnotions in their 
present state, previous to that date, and may consequently have escaped notice with the 
few surveys of those times However, m eaiiy charts the depth at Panchpara, Pir 
Serang and Pujali crossings are usually shown between 30 and 36 feet. As will be seen 
on the curve of available depths, since 1891 Panchpara has se^om afforded more depth 
than 26 feet, so that, even allowing for difference in the datum of soundings and greater 
accuracy m recent surveys, the e is a probability that ’some deterioration has occurred at 
this place, which may be largely due to the greater quantities* of rubbish dropped into 
tne river in the port 

33 As will be seen ou the curve of available depths, Pir Serang deepens at the end 
of each year to a greater depth than Panchpara, bnt recently has seldom had as much as 
36 feet available depth. In Mark Wood’s chart of 1780, the least depth on this crossing 
Is 7 fathoms ; in Court’s chart of 1814, it is 6 fathoms and Lloyd’s chart of 1836, gives 
5 fathoms ; Laycock in 1875 showed 5 fathoms These depths when reduced to the 
present datum, would be between aboat 27 and 36 feet The first notice xif shallow 
water is given in the river plans at the end of 1886, when the available depth jwas barely 
24 feet The curve shows a very gradual deterioration since 1891, till August 1902, yrhen 
the 8.3 Deepdala capsized in mid-channel The wreck was blown up, but the 
crossing has been disturbed since : the available depth fell to 17'-6* in 1903 and to 19 feet 
In 1905 and without dredging operations, in recent years also, the depth would probably, 
occasionally have been less than 20 feet. 

34. As will be seen, the curves since 1900, allowing for dredging, assume a fairly 
regular form, lowing the normal development of a 24 feet bar at the height of the 
freshet season. These conditions may possibly have existed in a jnodified form in earlier 
years and been missed owing to infrequency of surveys, but considering that yesaels in 
thosetimes had frequently to drop across the channel with their anchors down, the lumps 
which now form regularly in the crossing, would have proved enough of an obstruction 
to have attracted notice Tne deterioration since 1902, is probably largely due to the 
r^^mains of the wreck, but on the evidence it seems probable^hat some natural doteriora- 
tibu has also occurred. 

35. The depth on Pujali Crossing in Court’s, Lloyd’s and Layoock’s surveys, 
vanes between 27 and 33 feet, which allowing for difference in datum, is much the same 
as at present. The curve of available depths shows an improved condition between 1885 
and 1895, but this is undoubtedly largely due to infrequency of surveys. 

36. Previous to 1898, ^parently there was a deep channel throughout the year in 
Sankrail Bight. In that year the depth fell to 28 feet in the dry season and three years 
later at the end of July 1901, a 24 feet bar formed right across the channel, giving a 
navigable depth of 20 feet only in the beginning of August. Thc»bar was cleared 
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naturally by the freshets before tbd end of the month, bat appeared regularly each 
dry season thereafter, till 1905 and in Aogost 1903 was partioalarly obstSractiTd 
with an available depth of only 19'>6*. Shallow water, though not to the same extern 
has appeared at intervals since then In 1904, a second dry season obatrnotlon formed at 
the lower end of the reach off Manikhah Point, and has appeared tairly regnlarly since 
that year, giving in Jaly 1910 only 29. feet available depth. Dredging has been necessary 
at both these places and has checked further deterioration on various ocoastons. Aooord* 
ing to Mr Ohbard, there was a bad bar across the channel at Munikhali Point in 1795, 
due apparently to the protrusion of the point, as the shallow water disappeared when 
erosion occurred at Munikhali Point There is no inrther record of shallow water, 
either in the Bight, or off the Point, and if the depth had eVer fallbn to 20 to 23 feet 
previous to 1901, it would scarcely fail to have attracted attention. Deterioration may, 
therefore, be assumed to have occurred in this reach. 

37. On the other hand, mention is made in the evidence of the 1853*54 Committee, 
0 ^ an obstacle to navigation which at a former period existed at Diamond Harbour, and it 
was also stated that in 1823*26 the river was so shallow opposite Hastings, between Fort 
Point and Kidderpur, that vessels drawing 15 to 18 feet had to wait for high-water to 
cross. 

.18. On the whole, therefoie, it seems tAat so far as the navigable conditions are 
concerned^ t^e Hoo^hly has nn loubtedly improved, and particularly since the institution 
of dredging operauoas This is borne out by a comparison of the present state of the 
river (Ist January 1919) when there is one bar in the upper reaches, the Eastern Out, 
with 17 feet and three in the estuary, the worst being the Gabtola with 14'-6* and the 
Balari and Middleton with 16'-6* depths at lowest water, with an extract from Leonard’s 
report m 186.> 

39. “To state the condition concisely, there are several shoals in the river over 
which vessels drawing more than 10 feet cannot pass at lowest water, but as this state of 
lowest water hardly ever occurs, the practical limit of draft at low-water may be taken at 
12 feet, unless at very particular times when the James and Mary are very bad. At high- 
water, neaps, the limit of draft may be taken at 20 feet, while at high-water spring tides, 
vessels drawing as much as 25 feet may be brought up, but usually 24 feet would be 
considered the limit ” 

40 This improvement is, however, almost entirely fine to the better condition of the 
channels of the estuary, and considering the great natural ffuctuationo which take place m 
that section, there is no certainty that the present improved conditions will ountinue 
indefinitely without some artificial aid for macance, the natural development of condi¬ 
tions in the upper part of the estuary, might block the Balari Channel and traffic would 
again be diverted to the unstable Bangat ala route , or the shallowing of Saugor Hoada 
might lead to the opening of a middle outlet channel wich more liability to disturbance in 
the lower portion of the estuary 

41 In the upper reaches where changes are of a more permanent character and 
therefore more sisnificaut, the only channel which shows an uiulonbted natural improve¬ 
ment IS the chief bar, the Eastern Out, of the James and Mary. The Western Out and 
Moyapur bars show deterioration and the majority of the low-wat-iir crossings appear also 
to have deteriorated sligh'tly. In these oases, this is probably due to a greater or less 
extent to local caases, such as the widening of the river thiough gradual erosion 

42 The indications given by tidal conditions most now be considered. A river 
flowing through an alluvial plain into a tidal sea, naturally tends to raise its slope and 
lengthen itself, the deposit along its course and at its embouchure, of the material 
transported from inland The limit of tidal influence would travel downstream m 
accordance with the raising of thu natural slope of the river, and the tidal range inland 
at any port, which iR of such great importance to shipping, would in the course of time 
be grada^lly reduced, but at the same time, the river as a whole would bo in a natural 
atat^ of growth and perfectly healthy if the lo'Xv-water slope was not unduly raised. On 
the other hand, if the low-water'slope was lowered, it would indicate that the passage of 
the tidal wave up the river had been facilitated and consequently the river channels must 
have improved The Hooghly fortunately for Calcutta m respect of tidal conditions, 
has, as already seen in page 22, certain causes operating at its mouth, which restrict its 
extension seawards, in spite of the great quantities of alluvium carried, and the slope 
should not have changed appreciably if the river is in a healthy condition. If the river is 
decaying owing to a deficiency of ihe supply from the feeders, the process would be most 
noticea\^le in the upper reaches and as the reduction of capacity and formation of shoals, 
would restrict the progress of the tidal wave up the nver, the low-water level would nse 
and the range would be decreased. 

43. For example, consider the conditions in the Damodar and Rnpnaraysn rivers as 
compared with the ^ooghly. On the ^iOth September 1916, observations were taken at 
Kola Ghat on the Uupnarayan about 23 miles above its entrance into the Hooghly and at 
the Bagnan Bridge on the Damodar, about 17 miles above the latter’s entrance into the 
Hooghly. 

44. The low-water slope of the Rupnarayan rose 7 feet 7 inches, or at an average 
rate of 4 inches to a mile and the range was decreased 4 feet 1 mob. The low-water 
slope of the Damodar rose 9 feet 5 inches, or at a general rate of 6‘6 inches in a mile 
and the range was decreased 11 feet, or more than half the total range at the entrance. 
The low-water slope of the Hooghly on that date, between Hooghly Point end Moyapur, 
a distuuoe of 18 miles, rose 2 feet 8 inches, or at a general rate of only 1*8 inches in a mile 
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aud the range was deoreaeed 2 feet 4 inches. The rate of trsTel of the tide wave was 
correspondingly quicker in the Hooghly than in the Rnpnarayan and Damodar. The 
general condititm of the Hooghly is much better than that of the RupnarayaUf which is 
only naVtgable by deep yesseis at its entrance, and far better than the l)amodar which is 
nnnavigaUe, except by small craft. If the Hooghly deteriorated, its tidal condiiions 
zmght be expected to approximate successiyniy to the present tidal conditions of the 
Rnpnarayrn and Damodar rivers. The tidal conditions, therefore, are to a certain 
extent a measuring rod for the deterioration of the river. 

45. The earliest tidal observations recorded on the Hooghly are those taken by 
James Kyd, the famous Calcutta Shipbotlder of the beginning of the 19th century He 
built the first Dry Docks in Calcntta at Kidderpnr, and his observations were taken in 
connection with this work. Ihe datum used by him was the ' gauge of the river," or 
lowest low'water, which was 1 foot 10 inches above the zero of the gauge at liis dock, 
which has recently been re-excavated and is now being used as a dry dock for the smaller 
vessels belonging to the Port Commisaionern This zero is the piesent datum, or 
Kidderpnr Old Dock Sill, so that Kyd's observations require a plus coriection of 
1 foot 10 inches to reduce them to the present datum. 

47. Kyd attached to his paper on the Tides read before the Asiatic Society in 1829, 
a diagram showing the rise of tide, day and night for a complete year, 182B-24, also 
diagrams showing the highest rise and lowest fall of tide in each year from 1805 to 1828, 
and the high and low-water levels at each phase of the moon during 190G-07 ahd 1825-26 
The two latter are replotted and compared with similar curves of recent years in 
Plates Ncs S and 9 

48. The first point to be noticed is that the lowest level to which the tide has fallen 
in recent years, viz , 1 foot 10 inches in 1914, is exactly the same as in the period 1806 to 
1828, BO that in the hundred years which have elapsed, the actual lONvest water-level has 
not been raised * On the other hand, it will be seen that in the recent period 1894 to 
1916, the low-water lev'els are generally higher throughout, than m*the comparative 
earlier period, 1806 to 1828 

49 The most recent year on which the phases of the moon fall on the same dates 
as in the dry season of 1821-24, is 1899-1900 Comparing the monthly mean levels in the 
dry seasons from November to June, when there are no freshets in the river affecting the 
tides, the following results for the correspomiing mouths are olitained .— 
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50 The mean low-water level in the 75 years* period has Remained piactically the 
same, being only i inch higher in 1900, but the mean high-water level tell inches, 
reducing the mean range of tide practically 4*inche8 

51* The maximum range of tide in the oorresjxmding moirths was 15 feet 2 inches 
in February 1824, against 14 feet 6 inches in February 1900, showing a reduction of 
8 inches due to a lower high-water This is of importance considering the fall of the 
high-water line from Hooghly Point upwards at the present time, which under prosier 
tidal conditions should not occur 

52 With regaid to the conditions above Calcntta, from a compaiisou of tidal 
observations taken in spring and neap tides in March and May 1896 and J917; it seems 
that the progress of the tide wave has been ''Omewhat obstructed of late years between 
Calcutta and Konnagar, between Konnagar and Noaserai, the wave has^ remained 
regulat but in die Upper Hoooghly from Noaserai to Nadia, the obstruction to the progress 
of the wave is nndontedly greater On both spring and neap tides, the wave in 1917 took 
40 minutes longer to travel to Nadia and the flood influence at Nadia was felt from 15 to 
20 minutes longer in 1896 

53 On the other hand, tidal bores which K>d refers to as an apparently regular 

and common occurrence in the early part of the 19th century and which were still 
severe even thirty years ago, are apparently not so common, not as high at the present 
time. , 

54. A final test of the deteriordtion of the river is a comparison of th^ present 
capacity with that at a former period The earliest survey which can be used for thi'^ 
purpose, is the regular survey of the whole nver in 1882-84 The areas for corresponding 
cross sections in that survey and surveys made in 1917, in the seciiou between Calcutta and 
Fulta, have been computed and plotted as curves on Plate No. 14. From this, it 
will be seen that though the forms of the curves vary, owing to the surveys being made 
in different months, both for the areas at datum and high-water, or 20 feet above datum, 
the curves for tne earlier period fall generally below the recent curves, giving a balance 
of capacity in favour of the conditions 35 years ago. This would show that in thq upper 
navigable reaches, the river has shrunk m capacity, though not to any great extent, and 
this will still be evident throughout, even if the slight improvement m capacity between 
Calcntta and Barrackpur referred to on page 74 is taken into consideration. 
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In this oonneotiou, it may ba remarked t^vt in Omlentta, where large reeiama- 
tions have leken place nnee 1883 on the Howrah foreahore, the river bed haainoii niiinitnil 
by deepening to tlM narrower width, but the eeetional area has faitm thffoaghggt. !IUe 
would show that the rednoed capaei^ enffioee for the present dischsrfe, and nis former 
enlarged section was btnng maintained by tidal actioa. It would have beca.aa!taralJty 
reda<^ eventually, bnt the prooesA has been hastened arti^oially by the reelamatiODa. 

56. The goneral reealt of the eonsiderahon of the question, therefoiv, seems to be, 
that though the navigable conditions of the river channel have been improved throngh 
the local amelioration of the Eastern Gut Bar and the channeto in the cstaary, the records 
of depths in the channels of the upper usvigable reaches, supported by an esaminsticn of 
the tidal conditions and a comparison cf the eapaoittes of the nver proper, indloste that 
there has been eome general deterioration in the whole upper nver. The process is 
naturally very slow and has not progressed to any great extent. In its present stage it is 
not hkely to interfere with the artificial improvement of the navigable depth in the cross* 
iBgs, but m view of the generally reduced sectional area at Calcutta, following on a oon* 
traction of the ilver through reclamation, the qnestiOD of any permanent river works, even 
though properly designed to meet the local conditions, would have to be very carefully 
considered as to their general effect on the whole nver regimen. The detencration noticed 
would probably be the gradual result of a reduction in the fresh water^opply through the 
feeder nvers. 

57. T^e mean monthly nver levels enrve, which may be taken as a freshet curve, 
for the year 1823, has been contrasted in Plate No 7 with the similar normal curve 
for the whole period 1893—1917, aleo for the years 1890, in which the highest freshet of 
recent years occurred, and 1916, a year of late and fairly high freshet of ^e preeent time. 
The year 1823 was an abnormal year of high fioods, culminating in the great Damodar 
flood at the end of September, which inundated the country and raised the low>water at 
Calcutta to the unprecedented height of above Kidderpur Old Dock Sill, giving a 
range for the day of only 19 inches 

5S. In 1823, the high>water sectional area at Calcutta was considerably greater than 
at present, as m 1794, the river was nearly twice its present width below Fort William. 
The increased high-water area wouJ<l accommodate a greater freshet supply, so taking all 
faciois into consnleration, the indications point to a more copious freshet discharge at the 
beginning of the 19th century. This is supported by the fact that the average of the 
liigliest low-waters from 1806 tu 1821 was about 8 inches higher than the average from 
1894 to 1916, and as the freshets chiefly affect the low-water levels, the deduction that the 
fn'shets were greater m those years seems unavoidable 

59 This 18 corroborated liy the conclusions arrived at with regard to a Cdrtam 
amount of deterioration m the feeder ri\ers 

60. The Hooghl>, unlike most great navigable rivers, is not dependent on a fairly 
invariable normal discharge from its own catchmeut area suited to its capacity, and the 
whole argnnisnt, therefore, shows the urgent importance of maintaining an adequate supply 
from the Nadia nvers, no^ only to permit the Hooghly being improved to meet the expan¬ 
sion of trade, but also to avoid actual degeneration 


pjwjBOts for Improvemonti 
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61 It may be of interest to examine the various projects which have been put 
forward on various occasions for improving the navigable approach to Calcutta The 
first pioposal was to avoid the Hooghly altogether and in 1831, Government ordered a 
survey with a view to the proposed excavation of a ship canal to the head of the Matla. 
This scheme has been pressed from time to time attention was draw'n to it by the 
Committee of 1853 and in 1863 a new Port Canning was established on the Matla in 
conjunotioli with the Calcutta and Bontb-Eastern Railway. Jetties were constructed, 
wardnooses commenced and the port was opened and need by a few Tessels, but owing to 
various reasons, among them being the financial crisis of 1866, the company responsible 
for tbe venture found the scheme unsuccessful, and the port was abandoned. The project 
of a siiip canal to the Matla was again investigated in 1876, but no attempt was made to 
raise tbe Rs. 154.. lakbs estimated for a canal, 30 miles in length, 250 feet wide and with a 
depth of 28 feet. The Kidderpur Docks Committee of 1883 drew attention to the 
supposed advantages of the Matla over the Hooghly, and proposed that detailed plans 
should be prepared for* a ship canal at a roughly estimated cost of Rs. 110 lakhs, when 
the i-ur^y of the Matla then in hand was completed. The present Kidderpur pocks 
were actually designed by this Committee with a view to their connection wi^ the Matla 
canal, if necessary. However, a survey made of the Matla river in 1901 by Captain 
E. W. Petley, R.N., in connection with another scheme for a port on that river, showed 
that the Matla had deteriorated considerably since 1883 and this has presumably finally 
settled the question of an alternative route to the Hooghly as the approach to the port of 
Calcutta. ^ ^ 

62. Attempts have also been made to avoid the difficulties of navigation in the upper 
reaches of the Hooghly, particularly at the James and Mary, by the creation of subsidiary 
ports lower down on the Hooghly than Calcutta, the earliest of these being Laoam’s still 
bom New Haibonr of 1795 at the head of Channel Creek. In 1847 an abortive attempt 
was made to float a company witb capital of one million sterling, vnth the object of 
constructing a railway to Diamond Harbour, where it was propMed to establish a port with 
Wet Docks; and the Docks Committee of 1881 proposed the construction of Wet Docks at 



DiaiDOad Harbour* boi tbU ao^^tiojo waa npaefc bj tba Committee of 1889 on wboie 
racoauneadiitMOiM tba doeka w«ra bnilt al Hidderpar. 

6du In thaae oa a o a tba qaeatioo waa ebiefly one of profuUng addibonal aecommoda* 
tion for ibe azpia&diiig irade of tbe4>ort, though tha diihtaltaea and naka of nangation in 
tb« nppan ra a oh es of the Hooghly were eonaiderable factors in the aaggaataon far the 
cjwation o^^ anziUsiy port. With the recently aanotioned conatrnotion of the new King 
(itoorge*a doekayatem connected with the Kidderpnr Doeka, the whole future trade of the 
rirer is definitelj located at Cal<Hitta and the problem has been praotioally confined to one 
of improving the flooghlj* ao aa to provide a aatisfactorr channel for the expanding trade 
of the port.* , 8 

64« Is earlier timea the clnef difficaitiea of navigation were in the James and Mary 
Reach and it is on this section of the nver that the moat attention has been bestowed. 
The moat obvioos proposal, to avoid the obstacle altogether by cutting a new channel for 
the nver aeroas Hooghly Point has been put forward at different times and an example la 
illaatrated m Brooks* project shown on Map No. 12. This scheme was put before tbh 
United Servioe Institution in a lecture in 1865 by W A. Brooks, a London Engineer. It 
provides for a cut from Nurpiir across the land to opposite Luff Point and a small groin at 
Shipganj Point to direct the descending current into the cut. Now it is obvious tor any 
such cot to be saoeessful, it would be necessary to dam the present Hooghly channel 
below Shipganj Point, which of itself makes the scheme impracticable and even then, the 
flood-tide would preferably pass up the deep water of Hooghly Bight into the Bupnarayan 
Furthermore, this cut would not avoid the Niuan Bar, which may be anticipated to form 
an obstacle, as occasionally at present, above the head of the proposed cut. 

65 Another class of proposals favours the diversion of the tributaries of the 
Hooghly. Piddington in his report of 1854 refers to the frequently expressed opinion 
that the diversion of the Damodar into the Rupnarayan Mould lea<l to the amelioration of 
the James and Mary, and this view was expressed before the Institution of Civil 
Engineers by Mr. J Longndge in a lecture on the Hooghly and Matih in 18b4. The 
arg ment in this case is, that if the influence of the Damodar ebb current was removed, 
theHoogh'v - jannel would be carried across river from Falia Point into the Western 
Gut and this would provide a good navigable route Now it has been shown that the 
Hooghly ebb current does not naturally strike across fair into the Western Gut, but into 
the bank above Shipganj Point, from where it is radiverted and its energy wasted, ao that 
in high freshets in the Hooghly, when the discharge is proportionately much greater than 
that of theDamoilar, the Nmao Channel deteriorates Furthermore, in any case, tbe lead 
across nver here, is apparently too great to enable the Hooghly current alone to carry 
a deep chauntd across The only result of the complete diversion of the Damodar into 
the Rupnarayan would, therefore, be a generally deteriorated Ninan Channel and also a 
considerable deterioration of tbe Eastern Gut, owing to the diversion of the current and' 
the restricted tidal flow in the dry season m this section The Eastern Gut has generally 
been the deepest navigable channel and under present conditions it would seem necessary 
to mamtam the discharge, both tidal an'l fresh water, of the Damodar opposite Fulta 
Point and in fact, if possible, to endeavour to improve it, so as tb reinforce and guide the 
descending current more easily into the Nman and Eastern Gut channels. The diversion 
of the surplus flood discharge of the Damodar which now eutd^s the Rupnarayan, into 
the Hooi^ly at Kalna would, if kept m the channel, unquestionably lead to an improve¬ 
ment of tbe upper reaches, though severe flooding would probably result. As a great 
quantity of heavier sand and silt would be earned down however, trouble might be ex- 
penenced in the estuary of the Hooghly 

C6 Leonaid in 1865 came to tbe couclwnon that the James and Mary would be 
constderably improved, if the whole Damodar discharge could be impounded ftiid passed 
throu^ the Damodar channel at Fulta Point, but he believed that considerable improve¬ 
ment could also be effected by the diversion of the Rupnarayan into the HaJdi. as he 
considered the damming back action of the former river to be the chief duse of the 
obstruction m the Hooghly above the junction. The great cost of this work, however, 
rendered it impracticable m hig opinion. As the Eastern Gut Bar develops in the dry season 
when there is practically no fresh water discharge, and the bar is usually scoured through 
in the freshets when the Rupnarayan is passing its maximum fresh water discharge, 
the influence of the Rupnarayan in forming the bar is obviously not so considerable as 
Leonard believed it to have been. To remove Us influence altogether, it would be neces¬ 
sary not only to cut an adequate channel for the fresh water discharge into the Haldi, 
but also to dam the mouth across, so as to out oft the largb tidal reservoir of tbe 
Rupnarayan and this, if practicable, would inevitably result in the shallowing of Hooghly 
Bight, Diamond Harbour and Kulpi Roads, while the result on the James and Mary would 
be very doubtfifl. 

67. The third class of projects is concerned with actual works of improvement in the 
Hooghly itself, and these may be divided into two sections, training works and dredging 
The first comprehensive scheme of training works was put forward by Leonard in 1865 
He proposed narrowing tha channels at Moyapur and Royapur by training walls, as 
shown on Map No 16, so as to guide the ebb and flood currents on to the middle line 
of the crossing. At the James and Mary, he proposed a mid-river training wall 
running down from Fulta Point to about abreast Nurpur Point, to carry the 
Ninan channel into the Western Out, with subsidiary works, consisting of a spur 

* A proposal to pronde jettiet and eoal^ facilities in Pappie'i Parlour In Hooghly Bight wai examined by the Lu 1 
point Commiiaioa at tbe end of 1908, butYC project was not recommended 
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at Fort Momington Point to prevent so mach tida] water passing ap the Rnpnarayan 
and to direct more of the flood tide ap the Hooghly Channel; protection works on the 
banks of the Rnpnarayan, and the closing of the back channel at the Fnlta Sand, by 
inducing silting by means of spurs. In the same way Diamond Sand was to be reclaimed 
by bnnging out the right bank from Buffalo Point (o Horkhah, and by a similar system 
of spurs, It was proposed to regularise the left bank from Kantabarla Point to Bilver Tree 
Point Leonard preferred longitudinal walls at Moyapnr and Royapur, but thought the 
objects could be attained more economically by throwing out spurs, and apparently all 
works were to be carried to high>tide level. In accordance with his recommendations,spurs 
were constructed on both banks at Moyapnr about 1870, at a cost of about Rs 2 lakhs and 
some '.ilting ensued, but apparently before the full effect could have been obtained, the 
works were examined in JH72 by Mr G. Robertson who condemned them on principle 
He believed that harm had resulted through the interference of the left bank spurs with 
the flow of the flood-tide and these spurs he recommended should be immediately 
removed« since then all the spurs have disappeared. Mr Robertson suggested a single 
longitudinal training wall nearly parallel to the left bank and at a distance of about 
1 ,1W yards from it the wall to be 1,.'>00 yards to a mile lu length and carried to one- 
third tide-level and connected with the right bank by a single groin. This was practi¬ 
cally the same suggestion as that of Sir, Charles Hartl^^y, who in 18G5 proposed a 
half-tide training wall as shown on Mup No 16. 

68 ^tU regard to the James and Mary, Sir Charles Hartley recommended an 
isolated, half-tide training wall in mid-river about 10,000 feet in length, as shown on 
Map No 13, by which he thought a good navigable channel, particularly in the Western 
Gut, could be obtained He disapproved ot Leonard’s spur ut Fort Mornington Point 
and suggested a small work carrying out the bank at this point 

69 Attention may here be dra^^n to the beneficial influence on the available depth 
on the Eastern Gut Bar, by the isolated obstruction on the tail of the Makrapatti sund 
caused by the 4rreck of tho S S. CUi/of Oonter/nii y iii January 1897 This is plainly 
shown on plate No 16.* 

70 Mr Vernon Harcourt in 1896, proposed to rectify the channel at ihe James and 
Mary by a longitudinal, mid-river training wall over 4 miles m length, somewhat 
similar in position to that of Leonard’s and HaKley’s combined, starting at Fulta Point 
and carried down to abreast Hooghly Point, where it was curved lound into the point as 
shown on Map No 14 The wall v as to be constructed of fascine mattresses It was 
to be only 46 feet wide at the base anvl with a total height of 21 feet, with the top at 
lowest low-water level, and was estimated to cost Rs. 20) lakhs. The obvious objection 
to such a project, is that during the construction of the wall across the only deep water 
channel. It must necessarily block access to the Port foi a considerable period for all 
deep traffic, and the accumulaMon of floating constructtonal material at Fulta Point at 
high-water would hinder all traffic to a great extent. 

71 The only works of a similar character are the Shanghai river training works, 
carried out about 1910 l>y Mr. DeRijke, and the Rangoon river Iraimngwall constructed 
by Sir George I uclianan ilu 1914 I'he former included a 6,000 feet mattress dam with 
base Width of about 13.'> feet, .icross the Ship'Channel, and the latter a 10,000 feet tiain- 
mg wall of rubble stone dtimpe<l on a carpet of mattresses 230 feet lu width Both these 
works wei^ carried up to high-w'ater level and when the Rangoon wall was brought up to 
near low-water level, severe eddies and whirlpools weie generated m the vicinity and 
deep holes were also scoured inside the wall, owing to the head ” created by the wall 
causing overfalls This was obviated in the Shanghai works by the simultaneous 
construction of cross dams, tying the mum wall to the bank. 

72 Id the light of the experience gained by these woiks, the actual construction 
and stability of the James and Mary w'all as designed by Vernon Harcourt, with a base 
width of 46 feet would appeal to be very problematical and it seems doubtful under the 
circumstances whothei a low-tide tn ining wall would secure the desired results, while a 
high-tide wall would restrict tidal i^ow considerably and its cost based on the Rangoon 
actual net figures, would probably be more than ten times Vernon Harcourt’s estimate of 
Rs. 20) lakhs 

73 To improve the Moyapnr Bar, Vernon Harcourt proposed a mattress training 
wall earned out from the right bank, as shown on Map No. 16, so as tc guide the ebb 
current into the flood channel The top of the w’all was to be kept 6 feet, below lowest 
low-water, in order not to reduce tidal capacity The base width was 52 feet or greater 
than the James and Mar^ wall and the cost estimated at just over Rs 5 lakhs. 

74 * In 1899 Mr. Lmdon Hates, an American Engineer, put forward an eDtirely>noTel 
scheme for improving the James and Mary. He proposed abolishing the doable concave 
at Fulta Point and the reotitication of the left bank into a single continuous concave, by 
the excision of Fulta Point from Fnlta Creek to Nila Creek, the expansion at this place 
to be compensated for by training w'alls on the convex bank, above and below the 
entrance of the Damodar, which would give u new and better direction to the e£Qux from 
that nver. This was expected to do away with the Ninan Bar and improve the Eastern 
Gut, which would be further ameliorated by building out Hooghly Point, so as to cat ry 
the deep water along the right bank closer to the deep water below the entrance of the 
Riipuarayan. He proposed bigh-tide training walls, enclosing* the Brnl, Hiraganj and 
Achtpnr sands, in order to effect improvement m the Royapur and Moyapnr bars and the 

* at tbe «id of March 1919, the SB Sotieioria was wrecked io prmoticallj the sane poeitioo, but at a differen 
anffle, and the effect of thia wreck will be watched with iniezeet 
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regalanfiation of f he whole riyer from Badge-Badge to Hooghly Point to proper ratios of 
expansion by proparly designed training works: tidal regalation works should also be 
carried out in the Rapnarayan The principles adopted by him^ were that no ^ orks 
shonld be pat in on the concave, or catting bank of such a river as the Hooghly, and 
all trainiu walls should be carried above high-water level. 

* 75. estimate given by Lindon Bates for his whole project to improve the 

Moyapur, Royapur and James and Mary reaches, was only Rs. 75 lakhs, if done depart- 
mentally and Rs. 150 lakhs, if he found the money and carried out the works, on what 
he called the no play, no pay** principle. Professor Thierry of Bremen generally 
supported Mr Lindon Bates' proposals, except that he stated that the regalation of tidal 
propagation which he considered the principal cause of all the troubles, shoald be done 
first, particularly in the Rapnarayan, and secondly that no works in the Hooghly shonld 
be carried above low-water level. He regarded Mr. Vernon Harcoart’s proposed Jamea 
and Mary wall, as a hazardous enterprise. A great point in Lindon Bates* project for the 
James and Mary, is that the work could be earned on without blocking, or interfeni^g 
in any way with traffic on the river, but while it would by rectifying the bank, improve 
the Ninan Channel and abolish the present difficulties of navigation at Fulta Point, the 
cause of the Eastern Gut Bar would not be removed, though the protusion of the Point 
would probably etfect some improvement. 

76. Mr. Vernon Harcourt read a paper before the Institution of Civil Engineers in 
January 1905, and the discussM)!! and correspondence, which in many case9 condemned 
Lindon Bates’ projects for the Moyapur and Royapur bars, and brought forward modifi¬ 
cations of hiB scheme for tho James and Mary, did not produce any original practicable 
schemes likely to improve the Hooghly at a reasonable cost Two Engineers, Dr 
Corthell of New York and Mr. Luiggi, favoured reliance on dredging only, to improve 
the channels in a river of the character and size of the Hooghly 

77 In 1854 Mr. Piddington had suggested the emplo>ment of some plan for stirring 
the mud and sands at the shallow crossing places, and in 186J an attempt was made to 
rake the Eastern Gut and Dredge channels The steamer Sxiang employed lo draw 
the apparatus, was of only 60 horse-power and could make little, if any, way against a 
strong tide, but Leonard considered that the results of the experiments showed that 
shoals could be lowered b> this means. On his recommendation, the steam-tng Agttalor 
1.‘12 feet lu length and of 400 horse-power was specially built to drag one to three rakes 
over the bais at a fair rate against a four-knot current This vessel was tried on the 
James and Mary and Moyapur Lars from 1867 to 1869, but effected uo appreciable 
improvement Leonard stated that from his knowledge of the river, he was qnite 
convinced that the. action of the most powerful dreilge would be inappreciable O'l any 
of the Hooghly shoals and this was probably qnite correct with the dredgers of that 
period. Mr Vernon Harcourt in 1896 considered dredging luadMsable to improve the 
condition of the James and Mary Reach, though some improvement might be attained by 
this means in the channels of the estuary and it might also be employed to assist the 
training works in the formation of channels in the upper reaches Lindon Bates pro¬ 
posed to combine dredging with his hxo 1 improvement works * 

78. In 1907, the Port Commissioners -obtained Hihe Sandpiper^ a powerful suction 
dredger, discharging through a floating pipe line and the resfilts proMng satisfactory, a 
self-contained hopper dredger the Halari was purchased in 1913. It has been un¬ 
questionably demonstrated that considerable improvement can be effected in the npper 
reaches of the Hooghly by dredging aucl an improvement of 3 feet in the average depth 
on the Eastern Out Bar during the dry season and on the Moyapur Bar for the whole 
year, has been recorded since the institution of dredging operations and this during a 
period when the work has been handicapped by having for half the time, only one, and 
for the remainder, two vessels to deal with all the crossings besides the two bars men¬ 
tioned The Eastern Gut Bar appears to be particularly susceptible to this treatment and 
good results have been obtained at crossings sneh as Pir Serang in the estuary, at the 
Balari and Gabtola bars, the same measure of success has not been obtained, thou^ the 
S'andpipsr contributed materially m opening the new Gabtola route in 1912 and the 
* lialari’ opened the upper Balan Bar in December 1917. With the lower bars, which are 
usually of greater extent, a dredger of the *‘drag suction** type would certamly secure 
better results than the “ push auctions ** of the Ba'an and Sandpiper and this point is 
receiving consideration in the new dredger which is being ordered for the Hooghly to 
replace one taken over by the Admiralty befoie completion 

79. It IS also probable that still belter individual results ^ill be obtained, w! eu a 
definite, scientific, dredging policy, paying duo considera^on to all tho factots of the 
problem, has been evolved. 

From a general consideration of the qnestion, the following points emerge — 


Profetior Thierry, 
1900 ^ 


Ur Corthel) ftnd 
Hr Lmggi advocate 
drediiing 


Uftking and 
dredging on the 
Hooghly 
1863 Sttang 


16C7>69 Agitator 


Ijeonard’a opinion 
on dredging 


Vernon Hnroonrt’i 
opinion on 
dredging 


InatitntioQ of 
dredging in 1907 


(I) The river channel of the Hooghly itself, is the most satisfactory approach to 
the Port of Calcutta. 

(2^ The limit of facilities provided for its safe navigation, which have contributed 
greatly to the expansion of traffic, must now be nearly reached and greater 
reliance will have to be placed in improvement works in the future. 

(3) Fixed improvement works are inadvisible in the estuary owing to the great 
, magnitude of the problem. The permanent improvement works so far 
proposed in the upper reaches are all open to serious oriticism, particularly 
in the James and Mary section. Fixed works, consisting of bank protectnn ; 
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some filling oat in places where andae erosion has ooourrsd, and perhaps 
some form of training works at Moyapar and Koyapar are all that appear 
so far to be practicable, or necessary. A saitably placed isolated stroctnre 
or artificial island, on the Makrapatti Sand in mid<^ver, with the artificial 
protnsiou of Hooghly Point, or the latter work by itself, might be^eonsidered 
as a means of definitely improring the Eastern Oat Bu in olider to saVe 
a considerable proportion of the present heavy recarring dredging expenses 
at this place. 

(4) A great extent of improvement can be obtained in the npper reaches of the 
river and particularly at the Eastern Gat by adequate and efficient dredging 
plant, working on an approved system. By this means, with probably 
some minor training v^orks as saggested, efficient control oonld be attained 
in these channels The problem is a more dtfficalt one in the estaary, bat 
as the flow here is ample and the qaestiou is simply one of attracting It 
into a definite line of channel, a great measure of improvement, sufficient 
to meet the demands of trade for many years, oonld withoat doabt be 
achieved by dredging, provided the dredgers were of large capacity and of 
the drag sqction type, working on scientific lines. 


Hooffbly eliaaaels 
etpAle of consi¬ 
derable improve¬ 
ment provided 
freeb water-supply 
apd tidal condltionB 
are maintained 


80 Fi’om the evidence adduced, there appears to have been a certain measare of 
general deterioration in the Hooghly, which is obscared by local improvements at the 
chief bars. This has resulted in a certain amount of shrinking of the capacity of the 
Hooghly, which has been due to interference with the tidal flow, following on a dtminu* 
tion of the fresh water-sapply If the process continues, though some improvement of 
the chief obstacles may still be obtained by artificial means, the limit of improvement, 
whether by dredging, or river works, will soon be reached. 

81. On the other hand, the Hooghly channels are capable of considerable improve¬ 
ment, provided the river is kept in a healthy condition by the maintenance of its fresh 
water-supply from the Nadia rivers audits tidal ^olame, the two factors on which it 
depends for its existence as a satisfactory wat rway for deep vessels to the port of 
Calcutta. 
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Lowest Highest Lowest Highest 
low-water low->%ater. bigb-water lugh-water 


Least range 


Greatest ransr'* 
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STATEMENT P. 
Moyapur. 


Oatuiwig Nldciei*»ui* Old Doek Silt. 


Yeah 

Lowest 

luw-water 

Highest 

low-water 

Lowest 

liigh'water 

Highest 

high-water 

Least range. 

Greatest range* 



Ft 

In 

Ft 

In 

Ft 

Id 

Ft 

In 

Ft In 

Ft 

In 

- 

1875 


2 

0 

10 

3 

9 

6 

21 

0 

1 

9 

September 

15 

11 

April 

1870 

• • 

2 

9 

9 

5 

6 

11 

21 

4 

3 

3 

March 

16 

11 

August 

1877 


1 

2 

8 

9 

9 

0 

21 

3 

3 

10 

1 

16 

10 

94 

1878 

• •• 

1 

2 

9 

6 

9 

0 

21 

6 

4 

5 

n 

17 

8 


1879 

••• 

2 

0 

10 

0 

9 

4 

21 

9 

3 

10 

49 

16 

0 

May 

1880 

%• 

2 

0 

9 

2 

9 

6 

21 

0 

3 

6 


15 

7 

March. 

1881 

• 

2 

0 

9 

0 

9 

0 

21 

1 

4 

4 

Septeinlier 

16 

I 

July 

1882 

• 

1 

5 

8 

1 

10 

0 

21 

1 

4 

2 

March 

16 

3 

Aug , Sept. 

1883 


1 

7 

8 

0 

9 

G 

21 

0 

5 

7 

February 

16 

0 

Mar f Aug. 
















Sept 

1884 


2 

2 

8 

2 

10 

1 

20 

5 

5 

4 

May 

15 

11 

It 

1885 


2 

0 

1 9 

K 

9 

8 

21 

6 

4 

6 

September 

16 

5 

August 

1880 

• 

1 

G 

9 

11 

10 

9 

21 

10 

4 

4 

4 

16 

9 

44 

1887 


1 

10 

9 

7 

9 

{) 

21 

8 

5 

3 

March 

10 

9 

April 

1888 

• • 

1 

7 

9 

10 

10 

4 

21 

7 

4 

2 

September 

16 

10 

It 

1889 


1 

6 

10 

10 

9 

11 

20 

11 

3 

8 

4) 

16 

2 

Ma^, June 

18% 


2 

6 

10 

0 

9 

6 

22 

1 

3 

11 

October 

16 

3 

September. 

1891 


1 

0 

8 

n 

9 

5 

21 

4 

4 

4 

April 

16 

3 

April 

1692 

••• 

1 

2 

B 

7 

9 

8 

21 

6 

5 

0 

March 

17 

7 

March 

1893 


1 

10 

9 

6 

8 

11 

22 

0 

3 

11 

September 

16 

7 

April 

1894 

. 

2 

0 

10 

6 

9 

0 

22 

I 

5 

4 

feept, Oct 

16 

3 

August. 

1895 

• 

1 

5 

8 

8 

8 

0 

21 

4 

1 

7 

March 

16 

10 


18% 

• 

1 

3 

9 

4 

9 

2 

20 

4 

4 

o 

Sop , Oct. 

16 

8 

October. 

1897 


1 

9 

9 

4 

9 

0 

20 

5 

4 

10 

16 

6 

April 

IHOR 


2 

0 

9 

5 

9 

6 

20 

10 

3 

11 

44 44 

15 

11 

July 

1899 


1 

4 

9 

3 

9 

10 

21 

6 

4 

4 

April 

16 

8 

August 

’ 9U0 


1 

10 

8 

10 

9 

11 

21 

4 

4 

6 


16 

10 

44 

1901 


1 

6 

9 

0 

10 

0 

22 

0 

5 

10 

March 

17 

0 

Apiil 









C\ clono 




20 

0 Mov. 
















clone 

1%2 


1 

11 

8 

5 

9 

11 

20 

4 

5 

0 

March 

16 

6 

July 

1M03 


1 

1 

8 

11 

9 

11 

20 

10 

5 

aiMpteinber 

17 

1 

II 



1 

2 

tH 

11 

9 

11 

22 

1 

4 

6 

May 

17 

10 August 

1905 

• 

1 

0 

8 

11 

10 

3 

21 

8 

5 

3 

April 

17 

6 April 

1900 


1 

1 

9 

6 

• 9 

8 

21 

0 

4 

11 

October 

17 

5 May 

1907 


1 

0 

"8 

6 

9 

11 

21 

2 

5 

1 

Marcli 

17 

B 

June 

190H 

• • 

1 

1 

8 

11 

9 

6 

21 

2 

3 

7 

May 

17 

8 August 

1909 

«• 

1 

1 

9 

6 

9 

11 

21 

4 

4 

3 

March 

16 

10 

March 

1910 


1 

7 

9 

1 

10 

0 

22 

2 

4 

8 

October 

17 

4 6cptcinl>er 

1911 

• 

1 

7 

9 

2 

9 

0 

21 

10 

.4 

5 

March 

1C 

11 August 

1912 


1 

0 

9 

2 

8 

11 

20 

1! 

4 

1 

Sept, Oct 

17 

5 September. 

1913 

« 

1 

5 

8 

8 

9 

4 

21 

0 

3 

10 

March 

17 

0 

II 

1914 

• •• 

0 

11 

9 

5 

8 

11 

21 

0 

4 

7 

Sc pti mber 

17 

0 April 

19i5 


1 

8 

6 

11 

9 

3 

20 

5 

3 

6 

October 

16 

10 

II 

1916 


2 

0 

9 

2 

9 

3 

21 

0 

3 

2 

April 

17 

0 August 

1917 

• • 

1 

11 

9 

11 

■» 

9 

21 

C 

4 

1 

October 

16 

10 September 

1918 ‘ 

••• 

1 

C 

8 

11 

0 

3 

20 

10 


11 

April 

16 

2 

March. 
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Yiab 

Lowest 

Highest 

I^owest 

Highest 


low-wster 

low-water 

liigh-wator 

high-water 



Ft In Ft In 


1880 

1881 

1882 

1881 

1884 

1885 

1886 

1887 

1888 

1889 

1890 

1891 

1892 
1693 

1894 

1895 

1896 

1897 

1898 

1899 

1900 

1901 

1902 

1903 

1904 

1905 
190G 

1907 

1908 

1909 

1910 

1911 

1912 

1913 

1914 

1915 

1916 

1917 

1918 



8 8 
8 6 

7 9 

8 3 

8 C 

8 1 

7 9 

7 5 ! 

I 7 0 I 

6 10 

7 7 I 

7 fa \ 

clone ' 
7 9 12*1 

7 fa I 

8 8 

8 2 

7 5 

8 4 
8 2 

8 10 
7 6 

7 10 

8 4 
8 7 

a 0 
8 0 
8 1 

7 3 

8 2 
8 0 

7 11 

8 7 

7 11 

8 0 

7 10 

8 5 
8 0 
8 6 

7 4 

8 8 
8 2 
8 6 
8 9 
7 11 


9 9 
8 10 
9 3 
10 0 
9 10 
10 0 
9 5 
10 4 
10 0 
10 1 

9 11 

10 5 

10 6 
10 3 
9 9 
9 5 
9 5 
9 11 
9 1 

9 1 
6 0 
9 7 
9 9 
9 10 
9 10 
10 2 
10 4 

10 3 
10 2 
10 1 

11 1 
10 1 
10 0 

9 7 
10 2 
10 1 
9 4 
9 7 
9 6 
9 4 
9 10 
9 2 
9 10 
10 8 


Ft In 


20 11 
21 0 
21 3 
21 0 
21 5 
21 0 
21 0 
21 0 
20 8 
20 1 
21 1 
21 1 

21 1 

20 fa 
20 2 

21 2 
20 8 
21 3 
23 0 

Cyclone 
21 2 
20 11 
20 1 
20 1 
20 2 
20 8 
20 10 
23 4 
C> clot'o 
.20 1 
20 6 
21 11 
21 5 
21 1 
21 0 
21 0 
21 5 

20 7 

21 1 
20 5 
20 11 
20 0 
20 1 

20 9 

21 1 
20 4 


3 6 September 
3 1 March 


• II 

3 11 August 

4 8 iSeptembcr 

4 5 March 

6 2 March, May 

5 11 Moy 

5 1 September 

4 7 April 


5 10 Ma> 

5 1 September 

3 10 October 

4 5 March, Apl 
4 5 April 

4 3 September 
3 10 


^ 5 

1 8 March 

4 7 » 

4 0 September 

3 9 

4 5 April 

4 10 „ 

6 0 March 

» 

& 3 , 

’> 0 Soptambor 

4 10 May 

5 10 April 

5 6 October 

5 0 March, Oct 

3 6 May 

4 2 March 

4 2 September 

4 2 

3 6 April 
3 8 March 
3 7 September 

i 2 » 

3 3 April 

6 11 October 
3 11 April 


Ft III 

18 1 April 

19 0 August 

18 8 ,, 

19 6 

18 ^ April 

18 3 August 

19 9 „ 

19 7 : 

18 10 „ 

18 5 September 

18 iO August 

19 4 n 

• 

19 3 September 
19 3 April 
' 18 3 
19 4 August 

i ” 

l9 3 March 

18 5 April 

19 2 September 
19 2 August 
18 7 September 

18 6 April 

19 1 September 
18 8 August 

18 10 September 
18 5 Apl , Sept 


18 3 

19 3 

20 3 
20 I 
19 1 
19 11 

19 4 

20 1 
19 4 

18 9 

19 8 
19 7 
19 0 

18 7 

19 3 
19 1 
18 1 


August 
Aug, Sep*; 
August 
September 
* 

June, Aug 

August. 

Scptemlier 

^ril 

September 


April 

August 

II 

September 
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STATEMENT R. 

Balarl. 

Datum 10 Inehaa balow Klddarpur Old Dook Sill* 


Year. 

Low eat 
low-woter 

Highest 
low-water 

Low cst 
high-water 

H ighest 
hifih-water 

1 

Least range 

Greatest range 



Ft 

In 

Ft. 

In 

Ft 

In 

Ft 

In 

Ft 

Id 


Ft. 

In 

• 

1875 



• 

• • 

• 

• ' 

• 

• 

• 



• •• 



• • • 

187G 

9 99 

2 

1 

• • 

• 


3 








• •• 

1877 

999 

• 


• • 

♦ 


• 

• 

• 






• •• 

1878 

• 9 1 

• • 

• 

• 

• 


• 

• • 

• 



• •• 



• •• 

1879 


1 

0 

9 


9 

11 1 

21 

7 

1 3 

4 

September 

18 

6 

April 

1880 


1 

1 

8 

2 

30 

9 

20 

11 

4 

0 

Augost 

18 

5 

July 

1881 

99 

1 

0 

7 

8 

9 

8 

21 

2 

4 

6 

April 

19 

5 

August 

1882 

1 

0 

7 

7 


10 

1 

21 

7 

3 

11 

March 

19 

7 


1883 

• 

^ 0 

5 

7 

^ 1 

10 

2 

21 

0 

5 

9 


18 

10 


1864 


0 

10 

7 

5 

10 

6 

20 

5 

5 

6 

> 

le 

5 


1885 

• • 

1 

0 

7 

9 

10 

0 

21 

3 

5 

0 


19 

0 


1886 

• •• 

0 

11 

7 

11 

10 

10 

21 

3 

4 

9 


19 

0 


1887 

• •• 

0 

G 

12 

6 

11 

0 

22 

5 

5 

6 

April 

19 

1 

September 

1888 

• •• 

i) 

5 

8 

0 

10 

8 

20 

7 

4 

b 

September 

19 

7 

April 

1889 

• 99 

0 

10 

9 

1 

10 

3 

20 

1 

3 

6 

Octolier 

18 

10 


1890 


1 

2 

8 

11 

10 

0 

21 

7 

3 

1 

September 

19 

5 

August 

1891 

• • 1 

0 

4 

7 

10 

9 

8 

21 

1 

4 

3 

19 

3 

1) 

1892 

1 

0 

3 

6 

6 

10 

0 

22 

2 

3 

9 


20 

3 


1893 

. ! 

0 

8 

8 

7 

9 

2 

20 

7 

3 

2 

August 

18 

10 

April 

1694 

.. 

0 

10 

9 

1 

9 

5 

21 

5 

3 

5 

March 

19 

0 

August 

1895 


0 

6 

8 

4 

9 

8 

21 

7 

3 

0 


19 

3 


189G 

999 

0 

8 

8 

G 

9 

11 

20 

6 

4 

2 


18 

8 

September 

1897 

9 • 

0 

11 

9 

0 

9 

7 

20 

8 1 

3 

4 

August 

18 

9 

April 

1898 

9 9 

0 

0 

6 

n 

9 

7 

20 

10 

3 

3 

Sc ptember 

18 

1 

August. 

1899 

9 

0 

11 

8 

H 

9 

11 

21 

4 

4 

2 

April 

18 

9 


1900 

999 

0 

8 

9 

0 

10 

1 

21 

7 

4 

1 


19 

6 

September 

1901 

• 

0 

<) 

6 

11 

11 

0 

20 

0 

4 

8 


18 

4 

May , Sept 

1902 


1 

0 

7 

11 

11 

0 

20 

6 

4 

10 

October 

1 16 

0 

July 

1903 


0 

3 

8 

5 

10 

5 

20 

11 

5 

6 

11 

1 ly 

2 

Angubt 

1904 

• 

0 

1 

H 

1 

10 

1 

21 

10 

4 

4 

Ma> 

20 

0 

11 

1905 

• 

0 

0 

•• 8 

4 

11 

0 

20 

8 

4 

11 

August 

19 

5 

Septeml>ei 

1906 

1 

• 1 

0 

3 

9 

1 

‘ 10 

1 

20 

0 

, 4 

0 

St ptembt r 

18 

10 

May 

1907 

1 

0 

1 

•- 7 

10 

9 

11 

21 

0 

1 4 

6 

March 

19 

7 

August 

1<<0« 

. 1 

0 

3 

7 

11 

9 

8 

21 

1 

3 

n 

October 

19 

10 

Septcmlier 

1909 

999 

0 

1 

8 

3 

10 

2 

20 

11 

3 

0 

f ) 

1 ly 

11 

October 

1910 

999 

0 

0 

8 

5 

1 10 

5 

20 

10 

3 

9 

September 

' 19 

5 

May 

1911 

1 

0 

2 

7 

11 

' 9 

1 

20 

8 

3 

11 

Mni ch 

18 

2 

September 

1912 

• 9 

0 

0 

8 

7 

' 8 

11 

20 

6 

3 

3 

September 

19 

7 

11 

1913 

999 1 

0 

1 

7 

6 

9 

5 

1 21 

8 

4 

0 

Maichf Oct 

19 

8 

u 

1914 

f.. ' 

-0 

3 

8 

11 

1 y 

0 

20 

8 

3 

1 

September 

18 

10 

11 

1915 

1 

1 

0 

9 

8 

9 

10 

0 

20 

0 

3 

4 

October 

18 

3 

May 

1916 

• •• 1 

0 

9 

9 

2 

0 

6 

21 

0 

3 

2 

April 

19 

0 

August. 

1917 

<1 1 

0 

3 

8 

0 

i J 

6 

21 

5 

4 

3 

March 

19 

3 

Septcintier 

1918‘ 

■ i 

0 

2 

7 

11 

iO 

4 

20 

13 

5 

4 

September 

18 

3 

11 
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\ 


STATEMENT S. 


KhIJIH. 

Datum I'-B* below Kltftferpuf* Old Ooolc Sill. 


Ykar 

Lowest 

low-wAter 

Uigliest 

low-water 

Lowest 

high-water. 

Highest 

high-water 

Least range 

Ureateet range 



Ft 

In 

Ft 

III 

Ft 

In. 

Ft 

In 

Ft 

In 

Ft 

In 


1876 

• • 



9 

2 

9 

11 

20 

11 

2 

8 September 

18 

10 April, July, 

1676 

• • 

0 

9 

8 

11 

9 

8 

20 

9 

3 

1 

18 

10 July 

1877 

•• 

0 

8 

8 

0 

9 

2 

21 

3 

2 

5 March 

19 

3 

June, Sept 

1878 


0 

6 

9 

0 

10 

2 

20 

9 

3 

0 August 

19 

2 August 

1879 

• •• 

0 

9 

9 

9 

10 

7 

21 

3 

3 

0 Septeinlier 

18 

4 

April 

1860 


0 

8 

8 

9 

10 

5 

20 

9 

3 

6 

18 

1 

August 

1881 

* 

1 

6 

9 

0 

9 

9 

20 

4 

3 

8 

18 

G 


1882 

••• 

0 

1 

8 

9 

11 

3 

21 

0 

4 

1 October 

19 

3t 


1883 

• •• 

0 

10 

8 

7 

10 

7 

20 

4 

4 

11 ScptciJilier 

18 

9 

September. 

1884 


0 

8 

8 

1 

10 

11 

20 

0 

4 

9 March 

18 

5 

1 

AugiieU 

1885 


0 

5 

8 

1 

9 

10 

20 

10 

3 

» 

18 

10 

1886 

« • 

0 

9 

8 

2 

11 

0 

20 

9 

4 

0 „ 

18 

5 

September 

188/ 


0 

4 

13 

0 

11 

2 

21 

fi 

4 

9 beptemhi r 

18 

11 

August 





olOoC 



Cyclone 






1888 

• •• 

0 

4 

8 

8 

10 

11 

20 

0 

3 

11 

18 

6 

April 

1889 


0 

5 

9 

9 

10 

3 

20 

2 

2 

11 Octolier 

1H 

1 

f 1 

1890 

• • 

0 

7 

9 

1 

10 

0 

21 

2 

2 

8 M 

19 

4 

August 

1891 


0 

2 

8 

6 

10 

2 

20 

8 

3 

5 September 

18 

5 

April 

1892 


u 

2 

9 

9 

10 

3 

21 

10 

2 

6 Octol>er 

19 

C 

March 

1893 

• 

0 

5 

9 

10 

K) 

0 

21 

8 

2 

11 Scjitembur 

17 

11 

August 

1894 

• 

0 

11 

9 

9 

9 

7 

20 

11 

2 

C March 

18 

5 

1) 

1895 

• 

0 

9 

9 

1 

9 

10 

20 

11 

2 

9 Septemb< r 

19 

2 

t» 

1896 


0 

11 

9 

10 

10 

4 

20 

1 

3 

2 

18 

6 

Maich. 

1897 

• « 

1 

3 

9 

10 

10 

4 

20 

1 

2 

10 

17 

10 

August 

1898 


1 

7 

9 

D 

10 

4 

20 

0 

2 

10 

18 

0 


1899 


1 

9 

8 

10 

10 

11 

20 

8 

3 

2 

18 

8 

» 

I9u0 


1 

9 

9 

8 

11 

0 

2 ) 

10 

3 

0 

18 

0 

11 

1901 

• 

1 

5 

9 

10 

10 

9 

1‘* 

9 

3 

7 

?d 

4 

1) 

1902 

• 

0 

11 

8 

0 

1') 

2 

19 

10 

4 

9 

iH 

0 

f T 

1903 


0 

9 

9 

1 

10 

4 

21 

6 

1 

1 

19 

G 


1904 


0 

7 

7 

9 

10 

10 

21 

11 

4 

1 Api il 

20 

1 

1 

1905 


- 0 

7 

8 

b 

10 

7 

21 

5 

4 

8 Septenilici , 

1 9 

(> 

Octobei 

19o0 


- 0 

2 

9 

0 

10 

2 

20 

0 

4 

0 ' „ 

18 

7 

&<*ptemher 

1907 

• 

- 0 

11 

8 

0 

10 

5 

• 20 

11 

•3 

5 October 

19 

li 

August 

1908 


- 0 

4 

8 

10 

10 

1 

21 

0 

3 

1 

19 

4 

Aug , Sept 

1909 

• 

- 0 

2 

8 

i 

ID 

3 

2 ) 

9 

3 

7 

18 

10 

()ctul»oi 

1910 

• 

-1 

1 

H 

2 

9 

9 

20 

2 

3 

6 March 

18 

8 

M 

1911 


0 

2 

8 

10 

9 

4 

20 

3 

3 

1 September 

18 

3 

August 

1912 


-0 

3 

9 

2 

9 

1 

20 

1 

1 2 

10 March 

19 

8 

inbei 

1913 

« 

-0 

2 

9 

4 

9 

9 

20 

7 

2 

11 n 

19 

5 

\ugiist 

1914 

• 

-0 

3 

9 

8 

9 

5 

20 

(i 

2 

11 'September 

18 

8 

11 

1915 

• 

~ 0 

2 

9 

11 

10 

4 

19 

7 

2 

7 October 

18 

7 

IVpril 

1^16 


0 

9 

« 

1 

10 

0 





1 



1917 




Klinin Soiuax'liuic 

was dismaiiticO in June 191G 

1 


A 

1918 

• • 











1 

1 


w 

• 
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STATEMENT T. 
KIddeppup. 

OAtum KMdttrpur Old Dook Sill. 


Yub. 

Lowest 

low-water 

Highest 

low-water 

Lowest 

high'water 

Highest 

high-wator 

Least range 

Oreateet range. 



Ft 

In 

Ft. 

In 

Ft 

In 

Ft 

In. 



1806 


1 

11 

12 

11 

9 

8 

22 

7 




•• 

2 

0 

13 

0 

9 

5 

22 

b 



1808 


2 

1 

11 

7 

9 

4 

22 

2 




9 

2 

3 

12 

3 

9 

5 

22 

6 



181U 

• 

2 

1 

10 

7 

9 

6 

21 

7 



1811 

• 

1 

10 

11 

7 

9 

7 

22 

2 



1812 


1 

10 

11 

4 

9 

7 

22 

0 



1813 


2 

4 

10 

6 

9 

7 

20 

10 



1814 

• «« 

2 

b 

11 

6 

9 

1 

21 

6 



1815 

• 

1 

10 

11 

10 

0 

7 

22 

C 



1816 


2 

0 

10 

1 

9 

6 

21 

8 



1617 


2 

2 

12 

1 

8 

11 

22 

5 



1818 


2 

6 

13 

7 

9 

4 

22 

7 



1819 


2 

6 

12 

6 

9 

3 

22 

3 



1820 

• •• 

2 

0 

12 

7 

8 

10 

22 

6 



1821 


2f» 

0 

12 

5 

9 

7 

22 

6 





1 

11 

14 

3 

9 

2 

22 

7 



1823 

* 

2 

4 

20 

b* 

8 

6 

22 

7 



1824 

*• 

2 

2 

12 

10 

9 

3 

22 

4 



1825 

• 

2 

4 

12 

3 

10 

0 

22 

2 



1820 


3 

1 

13 

4 

10 

6 

22 

2 

1 


1827 


2 

7 

11 

6 

9 

6 

22 

0 

j 


’82H 

1 

2 

3 

11 

6 

9 

5 

22 

1 

1 

1 

1 



* Dae to Oumodor Sood 
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APPENDIX III. 


\ 


RBPORT OF THE SPECIAl. SUB-COMMITTEE. 


I. At the firit meetinK of the Committee appointed to examine and discuea the report 
on the Nadia rivers by Major V. C. Hirst, I A., Director of Surveys, Benjfal, it was decided 
to subdivide Major Hirst's report into convenient branches for disoiiBsion by the General 
Committee. 


11. Chapters 1—Vll of the report dealing with the geological aspect of the problem 
were referred to Mr H H Hayden, C I.B.. and Uis report has been submitted to each 
member of the General Committee. 

HI. The following questions were referred to the Special Sub-Committee for repoit 
to the General Committee — • 


Q) Survey 

(2) Land levels. 

(3) Hydraulic ob8er%ation8 (obBer\ation and collection of accurate hydraulic 

data)— » 

(rt) Tidal river b‘vel8. 

(Z») Direction and velocity of tidal btreams, 

(c) Discharges 

(d) Percolation 

(t?) Composition of bed, shoals and sediments observed , 

(/) Surtace slopes 
(y) Limits ot spill 

(/i) ElTects of Ganges canals on spill channels 


IV. The Special Sub-Committee was constituted as follows — 

The Hon'ble Mr C J Stevenson Moore, C v o , I C S , President 
Lt -Col Ryder, C I E,, D s O , B E , 

Mr C Addams-WiJliams, c I E , 

Major F C Hirst, i A , Director of Surveys, Bengal, 

Mr 8 C Williams, Vice-Chauman of the Cornmisriioncis for the Port 
of Calcutta, 

Commandei E A Constable, RN, Deputy Conservator n 1 iho Port ot 
Calcutta, 

m 

to which at a siibsei^uent date Mr James E Roy of Messrs MacNeill & Co vva'^ .i<bb'd 

Tho Hon'ble Mr Cowley was requested to assist the deliberations of the Sjiecial 
Sub-Coinmittee by placing at their disposal his personal knowledge of the Na lia livers 
Major Hirst having reverted to military duty w.is unable to attend the meeting’s of the 
Special Snb-Committee ^ 

V The Special Sub-Committee held four meetings on the following dates — 

19th May 1917 

23rd July „ 

31st ,, „ 

17th August „ 

and made two local inspections— 

of the Bhagirathi mouth on the 22nd of April 1917 , 

(«) of the Hooghly Rivtr between Naihati and Howrah on the 19th August 1917 

• 

VI. The Special Sub-Committce's report is as follows — 

In Chapter IX of bis report Major Hirst deals with the question of interfermce by 
human agency with the regime of the Nadia rivers 

This chapter is partly historical, partly conjectural, and partly fact The mam point 
which Major Hirst appears to wish to bring out ts the number and nature of embank¬ 
ments now existing in the Marshidab|id district which have been the cause o2 restricting 
the natural spill of the flood water from the Nadia rivers. 

The Special Sub-Committee are convinced that this argument IS one which requires 
oareftil investigation, and it was recognised that at the present time map? showing the 
limits of the spill areas of nver in Bengal, except in a few observed localities, are not 
available. 




It was refioived that the Government of Bengal should be requested to have spill 
area maps of all the rivers in Bengal prepared, as in the opinion of the Sub-Committee 
thbse maps are essentially necessary for the proper preparation by Ral^ay Companies 
of railway projects and for their proper examination with reference to the waterways 
provided in the railway banks by the Irrigation Department. ^ 

The procedure at present observed for the examination of waterwajITin railw&y 
embankments was, in the opinion of the Special Sub-Gommittee, inadequate. It was 
consequently resolved that in all pending cases of embankments for either railways or 
roads, the Bengal Government should be approached with a view to the issue of orders 
that a representative of the Irrigation Department should be deputed to ascertain that the 
waterways as provided in any project approved b> Government, for either a railway or a 
road, bad been constructed in accordance with the orders of Government. It, was 
thought that this matter conld easily be arranged in collaboration with the Government 
Inspector of Railways, who has-to inspect every railway hne on completion before it is 
o))en to traffic 

VII Chapter X of Major Hirst*8 report deals with the condition of the Hooghly 
River from the Mathabhauga-Bhagirathi junction to the Howrah Budge He points out 
that this length of the river is under nobody's care,—it has not been declared under the 
^ Embankment Act of 1882, nor is it included within the limits oL the Port Commissioners' 
charge. He points out that he has not been able to substantiate the charge of deteriora¬ 
tion lu this length of the river, but he has sought for obviously \isible causes ot deteriora¬ 
tion He then proceeds to enumerate the obviously visible causes of deterioration and 
sums up as the result ol enquiries as follow- *— 

(а) There is less water at low-tide over shoals than there was 20 years ago 

(б) Shoals have increased in size 

(c) Shoal^ occur now where none existed before. 

{d) In a few cases original shoals have disappeared 

(s) The courses for steamers are far more tortuous now than formerly. 

examine at first hand the conditions prevailing the Special Sub-Committee, 
together with Mr A R. Murray and Mr J. Campbell, made a river trip from Naihati to 
Howrah on the 19th August, and Mr Murray has kindly promised to lay a note on this 
chapter of Major Hirst's report before the Committee. 

VIII. Chapter XI of Major Hirst's report deals with the efiect of the Gangetic 
irrigation canals upon the Hooghly river. Major Hirst has tabulated some interesting 
figures of the computated maximum and minimum dischaige ot the Ganges in the 
neighbourhood of the Bhagirathi ofitake, and he quotes Sir M. Nethersole's computation 
of th(* volume of water absorbed during low-water seasons by the Gangetic canals 

He calculates that the fresh water-supply from the Gauges to the Hooghly has been 
reduced by about 10 per cent during those peiiods of the year in which the spill channels 
most need extra water, an\l therefore deterioration in the spill channels might be expected. 

He states that on the whole it‘ seems clear that the canals have aftected the amount 
of water available for the* Hooghly, but there is no certain evidence that less water 
passes down the Nadia rivers now than they received befoie the canals were opened 

The Special Sub Committee after careful diBOussion of the&e -mcwb realised that it 
would be difficult to take an> action in so far as completed projects for irrigation are 
in existence It was resolved that it was necessaiy that before schemes of irrigation or 
increase of supply to existing canals taking off from the Ganges were sanctioned, the 
etlect of the reduction of supply in the discharge of the Ganges to the country below should 
be more carefully considered and more weight given to the other interests concerned 
than appeqrs hitherto to have been the case. The Government of India should consult 
the J^^ower Provinces before large >chemeB of irrigation lu the Upper Provinces invol¬ 
ving a considerable i eduction lu th^ discharge of the Ganges are sanctioned 

IX. Chapter XII of Major Hirst's report deals with the very important question 
of shoals in the Nadia rivers. Unfortunately Major Hirst has not given us any clear 
indication of the methods to bo employed in dealing with these shoals He suggests, 
howevei^ that the abnormality between bar heights and pool depths in the Bhagirathi 
hckj ni>i> leceived the attention it deserves, and unless it receives such attention the nver 
will not lie opened up permanently to any function that it is expected to perform. 

Thq .Special Sub-Committee are convinced that this question of observation of the 
shoaU must in future be carefully and systematically carried out The length, breadth 
and shape of existing shoals should be observed and all alterations carefully noted. 

The Special Sub-Committee, therefore, decided that a complete survey of the 
Bhagirathi river (in the first instance and subsequently of the Jalangi, Matabhanga 
and Bhairab) from the Gauges as far down as the mouth of the Mathabhanga was 
necessary, and that on tuis survey map the position of all shoals should be located. 

X. Chapter XIV of Major Hirst’s report deals with the very important question 

of discharge observations in the Nadia rivers. i 

He describes the action taken in 1914 and subsequently for the gauging of the 
bhagirathi and its tributaries on the west and criticises the methods employed. The 
conclusions arrived at by him are that the discharge observations are not entirely reliable, 
and that the method of obtaining the discharges from the tributaries on the west is 
inaccurate as percolation water might be ascribed to the discharge of an intermediate 
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river which was not supplying any water. He also advises the abandonment of discharge 
observation in tidal areas, and finally, he suggests an arrangement of che observation 
stations moreaaiRg their number to 31. 

Major Hirst, however, recommends that until such time as the whole question of 
collection of hydraulic data in connection -with the Nadia rivers has been considered by 
this Comnvrtee, the existing arrangement,, regarding discharge observations should be 
continued*. 

The Special Sub*Committee have carefully considered Major Hirst*s suggestions 
and have come to the conclusion that the discharge observations now being taken by the 
Public Works Department should be continued and the question of undertaking detaile<l 
tidal observations between Calcutta and Nadia should be considered by tbe Port 
Commissioners, anil definite proposals submitted to the Committee for the same 

The discharge observations by the Public Works Department are being continued 
and proposals have been submitteil by the Port Commissioners tor the Port of Calcutta 
for establishing tidal observation stations betw'eeii Calcutta an<l Nadia * 

The proposals of the Port Commissioners have been ciiculated to the memb-^rs of the 
Committee. 

As regards the number of obser\ation stations, the Special Sub-Committee have very 
carefully considered Major Hirst's proposals for increasing the number of discharge 
observation stations, and do not agree that then number requires to be increased so long 
as separate observation of the discharges of the Farucca channel, BunsLai, ^abla, Ajai 
and other affluents are also taken 

This means that the Special Sub-Committeo considered that discharge observations 
should Le taken at the following stations — 

(1) Ill the Farucca channel above the Bhagirathi lutak' 

(2) In the Farucca channel below the Bhagirathi intake 

(3) Gena lu the Bhagirathi river « 

(4) Banslai River in the Hanslai above its outfall into the Bhagirathi 

(5) Berbampur in the Bhagirathi 

(6) Jhumjhumkhali in the Bhagirathi 

(7) Babla Ri'ver in the Babla above its outfall 

(S) Databati in the Bhagirathi. 

(9) Ajai in the Ajai above its outfall into the B'iagir.ithi 

(10) Katwa in the Bhagirathi 

(11) Pauditpnr in tbe Jalangi river 

(12) Satgaohia in the Bhagirathi. 

(13) Hau'tkhali in the Mathabhanga river 


In the following statement the observation stations recommended by Major Hiist are 
detailed with the recommendations of the Special Sub-Committee in regard to their 
retention or otherwise — 

# 


Mdjor Hirat'd proposed etations 


Special Sub Committee’^ recommeadLitiune 


1 Biswanathpur lu the 

Bhagirathi. 

2 Farucca channel above 

the Bhagirathi ofitake 


.1. 

Above the Bauslai en- 


trance in the 
ratbi 

Bhagi- 

4 

In the Banslai 


5. 

In the Bhagirathi 
the Banslai 

below 

6 

5-10 miles below 

Jangi- 


pur in the Bhagirathi 

7. 

Berhampnr 


a. 

J humj humkhali 


9 

In the Bhagirathi 

above 

« 

Babla month. 


10 

In the Bhagirathi 
Babla month. 

below 

11 

In the Babla. 


12 

In the Bhagirathi 
Ajai month 

above 

13. 

In the Bhagirathi 
Ajai month. 

below 

14. 

In the Ajai river 


15. 

In the Bhagirathi 
Jalangi entrance. 

above 

1 


This does not appear necessary if an observation 
station IS fixed at Gena, a mile below the en¬ 
trance 

This 13 retained, and in addition an observation 
station IS proposed in tbe Farucca channel 
below the Bhagirathi offtake • 

This does not appear necessary when there is an 
observation station at Gena 

f 

Retained. * 

This does not appear necessary when the station 
at Jangipur is retained 

Ditto ditto 


Retained 

Do 

Does not appear necessary*wheu the Jhumjhum- 
khali station is retaineii * 

Does not appear necessary when a station in the 
Babla itself as well as another at Databati 
below the Babla month are retained 

Retained 

Does not appear necessary when the Databati 
station IS retained. 

Does not appear necessary when a station in the 
Ajai itself IS retained and another at Katwa 
below the Ajai month. 

Retained 

Does not appear necessary when the Katwa station 
18 retained 


IS 
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Mft]Or Hirst’s proiiosed stations 


Stiecial Sub'Committiee’s recommendations 


16. In the Bhagirathi belo^ 

Jalangi entrance. 

17. In the Jalangi river. 

18 Hanakhah in the Matha- 
bhanga 

19-30 


31 In the Hughii at Howrah 


Does not appear necessary when, a station is re¬ 
tained in the Jalanghi at Panditpur and another 
at Batgachia 

Retained. « « 

Do 

These stations do not appear to be necessary for 
the purpose of ascertaining the fresh water- 
supply to the Hooghly. They would be useful 
for ascertaining the volume of water admitted 
into the delta of each river for purposes of land 
building, but would not be of practical assist¬ 
ance to lorining ideas for the improvement of 
these rivers for n.ivigation purposes. 

The stations which have been fixed upon will give 
all uecesBury inlormation for the Bhagirathi 
river. Major liirst in Chapter XX, paragraph 
20 , of his repoit recommends that the prospect of 
improvements should bo for the present confined 
to the Bhagirathi alone 

The Port Commissioners will take discharge obser¬ 
vations, both here and at Garden Reach. It 
was not thought desirable to fix observation 
stations for taking the discharge of the Bara- 
Bwati anil the Khaira as the volume ot water 
taken out of the Hooghly by these rivers can 
only be very small and then only during high 
floods in the river 


Major Hirst’s proposals for 31 observation stations appear to have been based upon 
the \iow that iu taking these discharge observations the effect of percolation must be 
studied. The volume of peicolation which flnds its wav into the river is greatest during 
the hot weather and in the monsoon is negligible 

The object ot these observations being to estimate the volume of fresh ater-supply 
entering the Hughli via the Nadia rivers, and to compare the present supply with such 
records as are available of the supply iii former years, ami also to establish a record for 
comparison in the future, it does not seem essential that the volume of percolation water 
entering the river should be very accurately determined 

For these reasons the Special Sub-Committee are of opinion that many of the observa 
tiou stations proposed by Major Hirst are not necessary and are also of opinion that the 
statement of discharge cAibervations as obtained from the proxiosed discharge observation 
stations will afford buflicieut data lo arrive approximately at the amount of percolation 
(luring the hot and cold Weather months. 

XI. In Chapter XV of his report Major Hirst deals at gieat length with the subject 
«if dreilgtiig and bandalliug, the methods employed, the objects aimed at, and the results 
achieved. He generally disapproves of the methods employed and makes certain 
bUggestions ior improvement thereon 

The Special Sub-Committee very carefully considered Major Hirst’s report and are 
of opiniom— 

(i) that no verv definite results have been obtained from the present system of 
\ dredging the Bhagirathi at its offtake and baiidaihng shoals lower down , 

(it) the dredging to some e'^ tent provides for a small increase in the supply of 
water for domestic and sanitary purposes, but is of no benefit to the perma¬ 
nent regime of the river , 

(ni) the bandalliug works maintain navigable channels between places situated on 
the bunks of the river within such reaches where there are no high shoals. 
The results are of a purely temporary nature. 


In view of Major Hirst’s remarks on the methods employed in dredging and bandal- 
Img thd Special Sub-Committee considered the question of issuing rules as to the methods 
which should be employed and the objects to be attained by such works, but came to the 
conclusion that it was not possible for them to formulate such rules. This question must 
be left for the decision of the local experts who had been connected with dredging and 
bandalling works for many years 

XII. In Chapter XVI of his report Major Hirst deals with sediment observations. 
He points out that no regular obBer^atlon8 of the amount of sediment earned in suspen* 
Sion by these rivers have been carried out; he argues that there are several highly 
important reasons why such observations should be made. He describes a simple method 
for taking sediment observations and suggests that it will be necessary to take sediment 
observations at three depths—surface, mid-depth and one foot above bottom. In addition 
the material of the bottom sbpuld be ascertained by tallowing the end of the lead. He 
then proceeds to lay down the procedure to be followed when taking such experiments. 
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The Special Sab*Coinuiitte6 alter a oaref al coa^ideratiou of thjse remarks decided 
that it was necessary that such sediment obsorvations ‘ihould be taken 

It was therefore resolved that aiit observation<« should bo taken daily at Katwa, 
Swarupganj and Hanskhali by the Public Works Department and at the Howrah Bridge 
by the Port Commissioners. 

* The Pjiblic Works Department and the Port Commissioners should collaborate so 
that the dbservatiouH may be taken lu the same manner at all stations. 

As regards observation of the composition of bed, it was resolved to await the report 
which Mr. Hayden had been asked to submit 

XIII In Chapter XX of his report Major Hirst summarises his general jiroposals 
(t) Levels ,—This question was carefully considered by the Special Sub-Committee , 
it was pointed out that no recent maps of the area covered by the Nadia rivers were 
available, and the paucity of levels of piecision was a decided obstacle in the way of 
scientific enquiry into the present conditions prevailing in this area with a view to river 
observations, ultimate river improvement, diainage and land raising operations • 

The Subject “ Survey’* may be divided into the following subheads— 

(а) levelling , 

(б) traversing or triangulatioU necessary as a basis for detailed maps , 

(c) preparation of detailed maps ^ 

With reference to levelling operations it was essential that all lei els quoted in connec¬ 
tion with the Hooghly and the Nadia rivers should be reduced to a common datum, *,e., the 
latest Great Trigonometrical Survey values relative to mean sea-level. 

The question ot running new lines of levels of precision as suggested by Major 
Hirst in paragraph 1, Chapter XX of his report, was referred to the Suiveyor-General 
in India for report as to what levelling of piecisiou he could undertake to carry out and 
which hues he would recommend 

In submitting this question to the Superintendoni, Trigonometrical Survey, the 
linos of levels ot piecisiou suggested by Major Hirst were detailed, and it was pointed 
out that levels of precision had already been mu along the Eastern Bengal liailwaj 
embankment from Barrackpiir to the Ganges, and that the Special Sub-Oommittee were 
of opinion that tlie Public Works Department could run the special lines of levels to the 
selected discharge observation stations 

The following lines, viz , along the railway on the right bank of the Bhagirathi and the 
liver, continuation of the lines ol levels to the Ganges at Hajmahal, might bo considered aa> 
one 

The lino along the railway on the loft bank of the Bhagirathi would be so close to the 
line on the right bank that it might be preferable to rnn a hno along the left bank of the 
river, then from Jiagani to Azimganj, and then along the railway to Barharwa 

The line along tho right or left bank of the .Talangi might be rnn by the Public 
Works Department, if, as suggested by that Department, a line levels of precision 
lun from Berhainpur to Ohuadanga on tho Eastern Bengal Railway 

The meaning of the term “ Cone area *’ referred to by Ma^or Hirst in his report ha I 
not been clearly defined 

The Supoi intend ^nt, Trigonomotncal Suiv*y, in his reply to this refeienoo expressed 
his inability from a persual ot Major Hirst’s report to formulate recommendations as to 
the lines of levels of precision to be uudertakon , h i pointed out that tho necessity of taking 
such lines of levels of precision as had been suggested did not comply' with the conditions 
required by the Survey of In ha tor the taking of levels ol piecisiou, but he was of 
opinion that the following lines of levelling might legitimately be undortakdh by the 
Trigouometrial Sur\ey of India — 

(a) Ranaghat via Birhampur, Mnrshidabad, Jiagauj to Lalgolaghat. ^ ^ 

(h) Jiaganj to Azimganj, thence by road to Rajinahal, and from Rijmahal to 
Tinpahar to connect with line 74 

(c) Berhampur vid Meheipur to join lino 77 at Ohuadanga. 

(df) Tho crossing of the Ganges at Saraglidt to be revised now that the Harding 
Bridge is available, and a line run from some point on line 77 through 
Rampur-Boahu to Godagan and thence to Manihari opposite Sahebganj 

Aline from Ranagh&t jO Jessoie and thence via Jhenida to Chuadaiiga mfght also 
be undertaken He, however, pointed out that there is no prosjiect of these lines of 
levels of precision being taken up for a long time to come, as, on account of the war, the 
number of levellers available lor work in the field season is now reduced to a minimum 
and programmes now are lying ahead for lines of levels aggregating 900 miles the only 
thing that might be done at once is to get bench-marks ready and to wait until normal 
conditions return. 

These notes were disonssed at the second meeting of the Special Sub-Committee and 
It was resolved that the lines of levelling ot precision enumerated (a), (/>), (c) and (d) in 
the foregoing paragraph were urgently required, and that the Government of Bengal 
should be requested to address the Department ot Revenue and Agriculture, Government 
of India, to arrange for them to be undertaken by the Survey cf India as soon as 
possible. 


IS A 
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Land levels .—A map showing the lines of levelling in the Nadia and MardhiUabad 
districts run by the Pobiic Works Department in connection with sanitary drainage 
projects, was placed before the Special Snl>Oommittee and was resolTed that these hues 
of levels should be continued and completed in the districts of Nadia and Murshxdabad 
The question of the extension of these levelling operation into the Burdwan district was 
also discussed, and it was resolved that they should be ho extended as far the .Burdwah* 
Mangalkot road on the west and the old line of the Damodar river on the south “ 

In connection with the subject ot the datum to which all levels should be referred. 
It was decided to refer to the Survey of India the question of the correct value of the 
Kidderpur Dock Sill reduced to mean sea^level 

The explanation supplied by the Survey of India is as follows 

The earlier levels of the Great Trigonometrical Survey all depended on the deter- 
mination ot mean sea-level at Karachi The connection of Kidderpur with Karachi was 
completed in 1865 and gave the height of the Dock Sill as 6 25 feet below mean sea-level 
at Karachi 

Between 1881 and 1883 the Tidal Observatory which had l>een established at False 
Point in 1880 was connected '^ith Kidderpur by portions of several hues of levels The 
resulting height of the Dock Sill was 7 986 below mean sea-level at False Point, showing 
that m the long lineufrom Calcutta to Karachi an error of 1 73 feet had accumulated. 

When ^the whole ot the lines of levels were adjusted, which was done between 1905 
an()(1910, small corrections were made to reconcile discordance between the diflterent lines 
and to introduce improved values of mean 8ea-le\el as determine»l by long senes ot 
observations at the several tidal observatories. After applying these corrections the 
finally adopted Kidderpur Dock Sill was 7 759 feet below mean sea-level The mean 
water-level at Kidderpur is 3 170 feet above mean sea-level 

(ti) Traversing ot iriangulaiion neies'iary as a Itasis fur detailed maps —It was 
pointed out that the Survey of India are running traverses in connection with their 1* 
survey, and as this survey would include the area covered by the Nadia rivers, it was 
decided to ask the Survey of India to bear in mind when running these tiaverses that a 
larger scale survey of the rivers and the country in their immediate neighbourhood 
would be required and to ask them to fix, if possible, a sufficient number of traverse 
points within this area. 

These points supplemented by traverses which could be carried out by the Director 
of Surveys, Bengal, along the protective bunds would suffice tor any surveys required. 

It was resolved— 

(a) to enquire from the Director of Laud Records when the cadastral survey of the 
area bordering on the Bhagirathi in the districts of Nadia and Murshidabad 
will be taken up with a view to ascertaining when the lb* = 1 mile cadastral 
maps of the river and its banks wrould be available , 

(h") to request the Government of Bengal to collaborate with the Survey of India 
with a view to ensure that the traverse marks erected by the latter should be 
used, subject to any additional marks require<] by the cadastral survey, in the 
pieparation bf further surveys These marks should be of such a permanent 
nature as will always be available for future reference, specially for the 
preparation' and relaying of the large scale detailed river survejs which 
will be required along the banks of these risers 
Maps of this nature arc required by the Comuntlee, us soon as jiossible, and it was 
therefore resolved to request the Government ot Bengal (in the Survey Department) to 
take up the question of collaboration with the Department of Revenue and Agriculture of 
the Government ot India 

The question of the necessity of further surveys was again discussed at the third 
meeting of the Special Sub-Committee, and it was resolved that it was desirable that a 
survey of cthe Ganges be made from a point about 5 miles above the ofltake of the 
Famcca cnannel down to a point be'ow the mouth ol the Bhagirathi in the neighbourhood 
of Kalyanpur. 

The width of the surveys should extend as far as the known limits of the variations 
ot the Ganges stream within recent years 

An enquiry should be made from the Direcier of Land Records to ascertain if the 
diara survey in the disirict of Malda will be of any help in this matter 

(ill) PrejtaraUfm oj detailed maps .—It was pointed out that the Survey ot India 
was carrying out a Buy%ey of thi^ area on the I* s 1 mile scale in the or<iiDary course of 
their topographical programme This work will 1 e completed in about three years. This 
map, when complete, will supply a good general map of the whole area under investiga¬ 
tion, but a larger scale 4* or 6*sl mile map would be necessary of the rivers and their 
immediate neighbourhood, based on the traverse mentioned in the forgoing paragraph. 

XIV The remaining proposals of Major Hirst within the terms of reference to the 
Special Sub-Committee have been dealt with in the foregoing paragraphs. Such proposals 
as have not been dealt with have been deemed to be more fit for discassion by the General 
Committee The following points have, however, been discussed and deserve speciil 
attention — 

(a) ^MTjace slopes —The question of accurate determination of the sarfaoe slopes 
of the river water was discussed. It was realised that the difficulty was a very real one, 
and it was resolved that masonry chamVers similar to those employed on the Punjab 
canals should he constructed experimentally at selected places and gauges fixed within 
these chambers so that the water-level should not be disturbed by wind or wave action. 
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Experiments with other types of enclosed chambers, such as chambers made of 
bamboo mats, might also be experimented with. 

(6) Cxt>TTeni mttrea —The question of observing discharges with the aid of current 
metres was discussed. It was pointed out that the current metres at present used were 
not reliable, and the difficulty was to obtain a current metre which was reliable. It was 
resolved ^hat the Government of Bengal be requested to address the Government of 
Madras ^ith a view to obtaining a descriptive report of the methods employed in 
gauging the Canvery river. 

It was also decided that the Port Commissioners should enquire from the Port Com¬ 
missioners ot Rangoon what results have been obtained with the Ritchie-Haskell current 
metre, and whether the results are in their opinion reliable 

It V as also decided to request the Bengal Government to enquire from the American 
Society of Engineers what methods were employed in gauging the discharges of the 
Mississippi. 

It was also decided that the Bengal Government should be requested to address the 
Chief Engineer in Sind with regard to the determination of the discharges ot the Indus 
river 

O J Stevenson-Moore, 

President 

The 5ih DecembcT 1917* 
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APPENDIX IV. 

Note by Mr. Addams-Willlams on the deltalo rivers. 

« 

In paragraph 34 of Chapter I of Mr Reaks* report on the N'adia rivers (Appendix 
II) the probable sequence of events with regard to the leading changes in the courses of 
the main rivers in Bengal is given, but nothing is said regarding the probable conditions 
before the Ganges changed its course to the east in the lt>th century except in paragraph 
11 of Chapter II, where it is stated that the existence of the Swatch appears to show that 
** no mam branch ot tho Ganges can evar have detouched for any length of time thiough 
the middle region of the delta.** In the footnote to page 17 it is stated that the Kosi 
originally combined with the Mahauaiid«i and flowed through the BarabAtrai rivers into 
the Brahmaputra 

Is it not reasonable to suppose that before the Ganges changed its course, the Kosi, 
Mahananda, Tista and other rivers issuing from the north found a common outlet south- 
eastwards in the direction of Goalundo aiul at or near that place combined with the 
Brahmaputra (possibly botore it broke through the Himalayas and was therefore a 
smaller stream than now) and passed on to the sea eithei through the present Meghna 
(improbable) or somewhat further west near Madanpur through the old Bhubaneswar to 
the south-east ol Fandpur, which is stated to be the earliest known course of the Brahma¬ 
putra And IS It not probable that the Ganges broke through into the combined Kosi 
and Mahananda following the Baral-Atiai course, and thence by more or less the same 
route to tht sea vtu Fandpur and Madaripui, throwing oU a large spill channel, the 
Dhaleswari-Buiiganga ’ It thes • conjectun s aie coirect there would be an intermediate 
portion of the delta, triangular in shape, lying between the Mahauanda-Brahmaputra 
senes on the north and east and the Ganges senes on the extreme west, which may be 
termed the central delta 

A glance at the map will show that from the llooghly up to the Marjata estuary the 
exposed delta face is as advanced as an^, in fact, a little more so this portion is tiaverseil 
by rivers which atone time must have been veiy active delta-buildeis as evidenced by 
their great toitnosity and old loops Among them are trie IcUhamati, probably an old 
branch spill of the Hhairab , the Kodln, an old spill mouth of the Ichhamati , the Betna, 
an old spill mouth ot the Hhairab , the Kobadak, also a spill ot the Hhairab , the Haiihar 
and Hhudder, both spills of the Kobadak, and the Mukteswan, probably once a spill of 
the Hhairab above Jessore All these rivers were therefore served by one parent stream, 
the Bhuirab, and it is therefoie clear that this river must have been a very inij*ortaiit 
mouth of the mam Ganges which running south-eastwards to Khulna passed almost 
exactly central between the other tw'o main systems of the east and west alieady meii- 
tione<l These old delta-builders can at the present day be traced down to at least the 
latitude of Calcutta maintaining the true characteristics of fresh water spill channels 
down to this line it is qiAte piobable that they all extended still further south, but owing 
to the change in the course of tb*e Ganges,* which reduced and eventually cut oil the 
supply of silt-laden wa<er,*thG lower reaches have now been ** covered up ” by tidal action 
from the south which Jias laid down a stratum ot alluvium with a general slope from 
south to north as ex,>lametl in paragraph J20 *>t Chapter II of Appendix II 

At the present day the best example of this action ol the tides will be found to the 
west of Khuliiu wdiere the tides uie busily raising the land hj spill and are rapidly cutting 
oil the old loop'', so that in the case ut the Bhudder and Kobadak an entirely new s^^stem 
ot the rivrrb is in piocess of lormation causing the oldei sli earns to be cut up into inde¬ 
pendent sections which by foiming tidal meeting grounds will lead to the extinction of 
the old looiH in the near future 

ft appears «lear then that the 'Ihairab has cousiituted the central delta-bmlder and 
was a very important mouth of the Ganges issuing fioui the* very head of the delta, and it 
likewise tollows that the Hhairab in the days of its greatest activity issued not Irom the 
right bank of the Ganges, but from the lejt bank and was in existence for many years 
before the Ganges turned eastward it appears also probable that this change in the 
course of the Ganges w.is due to th<‘ Bhairab bursting its left bank into the Mahananda 
which gave the Gang« s a lead on its new journey and thns the central delta-builders were 
thrown on to the iiuht l^aiik of the present river such an avulsion is in the natuie of a 
“ cutdp^** and the effect probably was that the level of the Ganges above the avulsion was 
lowcied and that of the Mahananda raised, so that a bar must have formed at the head of 
the old ri\er, now called the 1 hagirathi, and also probably at the new head of the Bhairab 
and the supply to both rivers much reduced it is therejpre probable that as the old 
southerly channel of the Ganges was robbed of w'ater and the Mahananda reinforced, the 
di&ereuce in water levels between the old and new courses was so great as to cause the 
Jalaugi to open in a south-westerly direction to be followed later by the Matabhanga 
thus the general south-easterly flow of the rivers in the central delta was gradually turned 
south-westwards, the whole of the alterations being the outcome of the change lu the 
course ot the Ganges 

We have at the present day very similar conditions below Fandpur, where about 100 
years ago the combined Ganges and Brahmaputra changed from the Madanpur course to 
the preseut one through the Kirttinasa and thus into the Meghna estuary* yet the old 
course via Madanpur, called the Anal Khan, is k»^pt active by spill channels, the principal 
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of which are the various Mainakata offtakes on the 16th October 1915 all these offtakes 
were nearly closed by bars which caused the level in the river below to fall, creating 
sufficient fall through a small khal (the Kutubpnr), so that by the 26th of November this 
khal had opened and carrieJ a large volume of water into the Mainakata anil on that date 
was actually used by one of the steamers • since then this kha! has widened into a 
moderately large river. 

The^abaganga was probably a left bank spill of the Bhairab which has now severed 
connection and with its second mouth, the Chitra, raised the delta in the central part of 
the Jessore district further to the north is the Kumar which may likewise have been a 
left bank spill channel of the Bhatrab high up • but there appears to be a still older river 
in this vicinity, via., the Barassi, which can be traced in three places moie or lees close to 
the Kumar the Bhabanipur khal to the north-west of Jhenida is called the Barasst to 
the north-east of Magura another short length is called the Barassi whereas the same 
name is also given to the river on the west of the Ma Ihumati near Bhushna the Kumar 
appears to be a younger river than the Barasst as it is at the piesent day a continuous 
river flowing on much the same alignment as the Barassi The lower reaches of the 
Barassi liave now been absorbed iii the Madhumati, but it is clear from Reuneirs Memoirs 
and maps that this old river discharged into the Haringhala estuary ami possilily the 
Bureswar near Pirojpur is a portion ot the old river, the spelling having been mutilated 
It apiiears also that the Padma w.is in exi'^teiice previous to the Gauges going east we 
find au ol<l river-bed to the north-west of Fandpur called the Mara Padma, fiow a small 
khal, which tends to confirm the existence of such a river the Padma was therefore in all 
probability the most northern spill channel of the Ganges, and to its north and close by 
the Mahananda senes of rivers flowed more or less paiallel, but their courses may have 
been at some previous date in a more southerly direction and may be now covered up by 
th** more recent delta. 

The contentious pnt forward here appear to indicate that all the present delta 
Iniilding spill rivers, except tne Jalangi, Matabhanga and Gerai, date *l)ack to the time 
when th * Ganges flowed pa&t Calcutta, and whichever rivers issued trom the Ganges did so 
from tlie left and not frtun the right bank , otherwise it s^^ems impossible to explain the 
tact that the central delta sea face is so advanced Also the Bhairab must have been the 
mam central delta-builder 400 years ago it is stated that Jessore was on the ?oa face this 
IS not probable, but it indicates that the Bhairab was a large river at that time, » e , about 
the time the Ganges went eastwarels, anti it is possible to nmloistand that much of the 
CO lutry near Jessore then presented the aspect of a vast sea 'Ine to the low-lying lands, 
now called bils, which musr have overflowed during the annual inundation Much of 
this low land in lS7t» lay only from 2 to 4 feet above old mean sea-level, and it is probabl^^ 
that the tides fiom the south have always spilled over it as thev do so at the present tlay 
when the laud is probably higher than it has ever been sine., the Ganges became an active 
delta-builder in these parts 

The evistoiice of the Bwatch is not antagonistic to the contention that there wras a 
large river rnniiiiig through the eeutial delta for many years It is probable that the 
Bliairab carried at least as much water as the vvehtern Gan8<-*8 the latter distribiiteii its 
supply of sediment, so far as we know, over a comparatively small portion of the s-^a 
taee The Saraswati and Adi Ganga (Tolly’s Nala) so far as c^n be judged at the present 
flay weie not v'cry large livers and the third mouth, the Jabuna, which mingle 1 its water 
with the Bhairab through the Ichhainati was also not a largo iivor and its oouise to the 
sea below the conllueiice would indicate apprOMinatoly the division between the western 
Ganges built delta and that built by the offshoots ot the Bliairab moreover, the Bidyadhari 
was almost c^-riainly a mouth of the Jabuna as its old couise can still be traced by that 
n line almost up to Basirhat, and therefore this river distributed a portion^ ot the silt 
supply of the Jabuna am! Ichhainati south-westwards along the Matlu estuary We know 
that the Bh iirab use<l to ilischarge into the IIaiimc,hata ostuaiy and excluding any portion 
of the delta north of the }3haiiab. the area limit up south ot the river exceeds thcjl which can 
be placed to the credit of the Western Ganges it is therefore not at all improbable that 
the Bhairab was the more important river of the two, and that when active was actually 
filling the bed of the Bay an<l would have filled up the Swatch ha«l not the Gauges 
change I its course and so re luce 1 the head water-supply the result ot this change as we 
have seen was to change the diiection of drainage ^oath-westwards at the head of tue 
delta so that the silt supply was entirely conducted through the present Hooghly and was 
also reinforced by that brought in by the western tributaries the 100 fathom contour of 
the Swatch reaches to within 20 miles of the sea face yet 4« miles closer to the cj^t the 
depth IS reduced to only 10 fathoms this sudden rise may possibly be the edge of the 
aiivanciug <lelta of the Bhairab offshoots 

If the contentions regard'ng the Bhairab are correct it may be asked why the under¬ 
sea delta has not advanced at the same rate throughout since my ovplatiation of the 
formation of the Swatch is that it oonsists of a small portion of the sea-bed us yet unfilled 
by sediment, there being an under-sea delta plinth advancing towards it Itom both oast 
and west, the two not having yet met It appears likely that the formation of the 
Ganges delta forced all the southerly running rivers which issued from the Himalayas 
north of the present Padma south-eastwards, ho that they concentrated their delta 
building functions in the eastern portion of the Bay and in the same way there appears to 
have been a similar concentration on the western side through the Western Ganges, so 
that both plinths advanced across the sea face to meet one another the activities of 
the Bhairab system being distributed over a much larger area and longer sea coast 
the formation of the under-sea plinth was retarded in the central portion . in the last 



142 


400 years the silt supply through the central delta has been almost cut olf and has been 
concentrated in building up the eastern and western plinths, the activity being more 
marked in the case of the eastern plinth which is supplied by a comparatively large 
proportion of the silt bearing rivers and 100 years ago was largely augmented by the 
change in the course of the Frabmaputra westwards to Ooalundo from the Sylhet jhils 
If therefore the points discussed beie are substantially correct it is clear that the various 
changes which have taken place in the delta can be explained as being the odtoome of 
natuial causes due to ordinary deltaic action and are not necessarily due to tectonic 
forces. 

One more point may be mentioned the months of the £osi and Mahananda are said 
to have moved westv^ards, the Kosi having at one time flowed into the Mahananda and close 
to Pnrnea these movements may likewise have been brought about by the change in the 
courst' of the Gauges this river may have caused heading back in the northern rivers 
and on account of the level of the Gauges having fallen above the point ot avulsion may 
have (Itdwn both rivers to points further upstream a good evample of this nature is the 
case of the Dhaleswari which, since the Hrahmaputra has flowed past Ooalundo, has 
moved its offtakes a good many miles up the Brahmaputra and appears to be still doing 
so, last yearns new' mouth being above that of the previous year 
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